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PREFACE 


The low yield of crops in India as In many other countries follow¬ 
ing traditional methods of farming are largely due to poor fertility 
of the soil, caused by the progressive depletion of the plant nutrients 
through crop growing, soil erosion and leaching in areas of excessive 
rainfall, Extension of irrigation without simultaneoua progrmme 
of maintenance of soil fertility merely leads to soil impoverisment 
before long. Although the need for the replenishment of soil fer¬ 
tility for higher level of crop production is growing day after day 
because of the growth of human population, inadequate attention 
continues to be paid to this important aspect of soil management. 
Dung, which is well known for its soil-ameliorating effect, is burnt 
in many parts and is not properly conserved for return to the land. 

Considerable progress has been made abroad to develop mea- 
•sures for improving soil fertility through the use of organic manures 
and inorganic fertilizers. Even bacterial fertilizers have been de¬ 
veloped in recent years. These developments have influenced the 
fertilizer industiy on the one hand and the formulation of scientific 
principle of manuring and fertilizer-use on the other, resulting in 
the use of fertilizer and manure on an ever-increasing scale. Levels 
of crop production reached by different countries are positively 
correlated with their inputs of fertilizers and manures. 

In India, too, the importance of manures and fertilizers for 
increased production has been amply justified by the results of a 
large number of experiments conducted at the Government Farms 
but more particularly by trials on cultivators’ fields. 

Recognizing the importance of the fertilizer-use, based on 
studies in the country, it has been planned to increase their avail¬ 
ability in the country through local production and imports. There 
are proposals to increase the production and the consumption of 
fertilizers further during the Fourth and subsequent Plans. The in¬ 
creased availability of the fertilizer resources is, however,, only the 
means to the end, and the desired results in crop production will 
accrue only if these resources are used in a judicious manner based 
on the results of research carried out in the country. 




The Iiidiati farmer, as is true of fanners of some other coim- 
trios, is not fully conversant with the methods of improving soil 
fertility and the judicious use of fertilizer. Sound principles of 
manuring ar.d fertiiizcr-use must bo introduced in farmers’ practices 
as early as possible to increase his income and fulfil the national 
objectives of self-sulRciency in the basic nCed.s, This is only possible 
if the knowledge gained through research and experimentation is 
brought home to the growers by the normal extension agencies em¬ 
ploying the established methods of extension. 

Need was, therefore, felt to compile the available information 
on manures and manuring and present the same in the form of 
hancly but comprehemsive compendium, to .serve as a basis for disse¬ 
minating the information to the farmers. The Handbook of ^Manures 
and Fertiliiers is an attempt in this direction, It contains usehu 
information on the ways of increasing manurial resources, the diffe¬ 
rent kinds of manures and fertilizers, their composition, their role 
in the nutrition of crops, methods and time of their application and 
related topics such as liming and use of micro-nutrients, for increas¬ 
ing the yield of field and horticultural crops of India. 

The Handbook is written by a team of specialists who have 
spent most of their time in studying the problems of soil fertility 
and the use of fertilizers and manures as a measure for stepping 
Up crop, production. Besides being useful to the farmers and the 
extension workers it is expected to be a valuable source of infor¬ 
mation to the students of agricultural colleges and all those who 
are interested in knowing more about lAanures and fertilizers. in 
relation to crop production., Although the book has been written 
primarily for India, the .principles dealt with are expected to find 
a wider application, 


J, S. PATEL 

Former Agricultural Commissioner with the 
Government of India 
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CHAPTER I 

ROLE OF PLANT NUTRIENTS IN 
CROP PRODUCTION 

Several elements take part in the growth and development of 
plants, and those absorbed from the soil are generally known as 
plant nutrients, Besides these, the plant takes up carbon, oxygen 
and hydrogen, either from the air or from the water absorbed by 
roots. For instance, a corn plant absorbs more than 38 elements, 
and other plants may absorb more than this number. These ele¬ 
ments seiYe as raw materials for growth and development of plants, 
and formation of fruits and seeds. 

The seed contains the germ which develops into a plant. When 
placed in the soil the seed absorbs water and the germ utilizes the 
stored food in the seed for its gemiination and initial growth. 
Usually the quantity of food stored in the seed is very small and 
ju.st enough for the primary root to force its way into the soil and 
the shoot to emerge into the atmosphere, Both these organs then 
begin to absorb food from the soil and atmosphere respectively, 
Two types of soils are met with in nature, namely (f) the mineral 
soils, and (ii) the organic soils. The former contain 90-99.8 per 
cent of minerals, The latter contain organic matter as’high as 
70-80 per cent, the mineral fraction being only 20-30 per cent, The 
mineral^ soils develop from the weathering of rocks by chemical, 
mechanical or biological agencies, The organic soils originate from 
an accumulation of large quantities of organic residues of water 
weeds in marshy areas. The origin of these types explains the 
difference jn the composition of these categories of soils, Most of 
the essential elements are found in liberal quantities in the mineral 
soils, In spite of the fact that these are available in plenty, these 
may not be available to the plants, as they are tied up in chemical 
compounds. The roou cannot - absorb and deliver, them to the 
growing plants for synthesis, and hence, the need for meeting defi¬ 
ciency by application of manures and fertilizers to such soils for 
optimum crop production. 

NUTRIENTS 

Although plants absorb a large number of elements, all of them 
are not essential for the growth of crops. The elements are absorbed 
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because they happen to be in the soil solution, and those taking 
active part in the growth and developmental processes are called 
the essential ones. Some of these are required in large amounts 
and some in traces, These are classified as major and minor nutri¬ 
ents, and are further classified as follows: 


Major nutrkiits 

Group I; Carbon, hydrogen and oxygen. 

Group II: Nitrogen, phosphorus, potassium and sulphur. 
Group III: Calcium and magnesium. 


Minor nutrients 

Iron, manganese, boron, zinc, copper and molybdenum. 

It has been found that the presence of some elements which are 
not considered essential for plant growth and are not _directly con¬ 
cerned in the nutrition of the crop, but are present in the plants 
usEid as food and feedj are of vital importance to the hemh of man 
and animals. The elements within this group are chlorinCj iodine* 
cobalt and sodium. In addition, there is another group of elements 
which are toxic to the animals feeding on the plants containing 
them. These are selenium, lead, thallium, arsenic and fluoririe. 
Elements, such as sodium, chlorine, fluorine, nickel, lead, arsemc, 
selenium, aluminium and chromium, when occurring in soils in 
high available amounts, may also prove toxic to the plants and 
restrict their growth. , _ 

Some elements, occurring freely in the soil, are absorbed by the 
plants as impurities. They may occasionally stimulate growth 
although they are not essential for plant growth, They include 
lithium, strontium, tin, radium, beryllium, vanadium, barium, 
mercury, silver and bromine, » 

Major nutrients 

Carbor. Plants absorb carbon from the atmosphere as carbon 
dioxide. Atmosphere contains approximately 3 parts per 10,000 
parts by volume of carbon dioxide. It is readily available to the 
plants for the manufacture of sugars and other plant products. In 
fact, plants in the process of respiration give out considerable 
amounts of carbon dioxide, which replenishes the gas in the atmos¬ 
phere and keeps the amount of carbon dioxid^ fairly constant. 
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The concentration of carbon dioxide in the soil atmosphere 
varies from 0.12-2.5 per cent by volume; The carbon dioxide pre¬ 
sent in the soil atmosphere is not absorbed by roots. The exchange 
of oxygen and carbon dioxide from the plant roots due to respira¬ 
tion in these organs is a constant feature.^ Excess carbon dioxide 
in the soil atmosphere escapes into the air. 

The orpnic matter, during its decomposition, also gives out 
carbon dioxide. Other products, like wood, coal, gasoline, etc., on 
combustion evolve carbon dioxide. Owing to these replacements a 
constant flow of carbon dioxide is maintained in the air and is made' 
readily available to the plants for their growth processes. 

Hydrogen : Water, which contains two parts of hydrogen and 
one part of oxygen, is the source of hydrogen required for plant 
growth. _The breakdown of water occurs within the plant, when 
carbon dioxide combines with water to form primary sugars. Hydro¬ 
gen is an active element and cannot stay alone. When organic 
matter or other combustible substances decompose, hydrogen com¬ 
bines with oxygen to foim water or bums itself to release heat, 
Free hydrogen, therefore, does not exist in the air. 

Of the total amount of water absorbed by the plant, only a 
small fraction is required for the growth processes. It is this small 
fraction that meets the hydrogen requirement for the .synthesis of 
food in the plant, This, availability of hydrogen for plant growth 
is determined by the ready availability of moisture in the soil. * 

Oxygen'. The oxygen used by plants is obtained from various 
sources. When water decomposes in the body of the plant, oxygen 
is made available for growth and development. Oxygen is also 
present in the atmosphere. The aerial parts'of the plant absorb 
oxygen from the atmosphere for the process of respiration and give 
out carbon dioxide in exchange. The soil atmosphere also contains 
oxygen and it may be as low as 2 per cent. In the cultivated soil 
with good aeration it is about 20 per cent of the soil air in the top 
15,24 cm and decreases with depth. Sandy soils contain more 
oxygen than heavy or waterlogged lands. 

Under normal conditions, the plants readily obtain oxygen for 
the process of respiration from these various sources. Under ab¬ 
normal conditions, such as waterlogged soil, the plant utilizes inter¬ 
nal oxygen. In such a situation the manufactured food in the 
plant decomposes and supplies the needed quantity of oxygen for 
the respiratory activity, ," 
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Nitrogen: Although atmosphere contains 80 per cent of nitro¬ 
gen, the plants cannot dirbctly absorb it, There i.s some elemental 
nitrogen present in the soil air but that also is not made u.se of by 
the plant. It is the combined nitrogen in the soil which is absorbed 
by plants through soil .solution, The leguminous plants take up 
elemental nitrogen for use by bacteria in synthesis of complex nitro¬ 
genous compounds. 

The chief source of soil nitrogen is organic, matter. Only 2-3 
per cent nitrogen is in the form of nitrate and ammonia, the re, 5 t 
being present in organic combinations which are very resi.stant to 
decompo,sition. When organic matter decompose,s it gives out 
ammonia. Only readily decomposable organic matter iS' veiy resis¬ 
tant to decomposition by .soil micro-organisms. A soil may contain 
as much as 2,250 kg of nitrogen per hectare combined with organic 
matter, but a mere fraction of this may be available for crop growth. 

Some nitrogen is added to the soil through rain-water. It 
contains ammoniacal and nitrate nitrogen. From 2-22 kg per 
hectare may be received as combined nitrogen annually through 
this agency under different environmental conditions, 

. Most soils contain nitrogen-fixing organisms. The three groups 
of such organisms are: (a) Clostridia {b) Amobucter, and 
(c) blue-green algae. The. bacteria belonging to the group Clostri¬ 
dia are ofmiportance in forest soils, They .sometimes fix nitrogen 
in symbiosis with other micro-organisms. Azotobacter is met with 
in all arable lands, except those which are highly acidic or alkaline 
in nature. Blue-green algae are normally found under wet-soil 
xonditloms. They are particularly active in the paddy soils. One 
or more of those agencies may fix nitrogen from 5 to 17 kg per 
hectare. 

Nitrogen is also fixed in the soil by the leguminous plants, most 
.species of which develop nodules on their roots. The latter are, 
seals _ of the nitrogen-fixing proce,ss. They contain bacteria which 
five in symbiosis with the plant roots, The plant supplies carbo¬ 
hydrates to the bacteria and the bacteria synthesize elemental nitro¬ 
gen into proteins. While most of this protein nitrogen is used up 
in growth and seed development some of it is excreted into the soil 
from the nodules when they are active or after their decay. 

' The leguminous plants differ very widely in their power of 
nitrogen fixation and building up a stock of it in the soil. The 
nodule bacteria are. grouped, according to' the leguminous plant in 
which they are found, as follows: 
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1. Lucerne or sweet clover {Medicago and Mdilotus] 

2. Clovers [Trifolmn] 

3. Pea and vetch [Fmm, Lathyrus, Vick, Lens) 

4. Soybean (Glycine) 

5. Lupin and serradella (Lupinus, Orniihopm) 

6. Phaseolus—Phaseolus vulgaris, P. coccintis and 

r. angustifolia 

7. A large, ill-defined group containing most of the crop 
legiimes such as cowpea, groundnut, lespedeza and the rest 
ol Fhaseolus species. 

These legiunes differ markedly in their nitrogen-fixing capacity. 
Ihe bacteria belonging to the group Glycine (soybean) fix very 
little nitrogen m the soil and most of it is removed by the plants 
tor their development. In fact, best yields are obtained when soy- 
bean is toi^dressed with nitrogen in addition to phosphate. Groups 
1, 4, 6 and D are veiy active in this respect. 

1 ! l^eneficial results it is necessary to inoculate the soil with 
the bacterial culture of the appropriate legume. Forage legumes, 
such as lucerne, berseera and other clovers, add much more nitrogen 
than oilseeds and legumes, like soybean, groundnut, cowpeas and 
peas, The former may add 170-220 kg of nitrogen per hectare 
annually; a part of this is available only for the succeeding crop. 
The gram legumes may add from 11-30 kg of nitrogen, but ground 
soyb^n actually depletes the soil of nitrogen, 

One. of the most productive methods of adding nitrogen to the 
soil IS through green manuring. The amount of nitrogen added 
to the soil vanes with the, kind of crop, the time allowed for it to 
grow and the state of its decompo,sition. Sunnhemp, which is the 
most popular green manure crop, adds about 75 kg of nitrogen per 
hectare. On the other hand, a crop of mung (Phaseolus sp.) may 
add only 40 kg of nitrogen per hectare. 

The nitrogen liberated by a green manure crop can be most 
effectively uplized when it_is available as ammoniacal or nitrate 
nitrogen after the decomposition of the green matter. Under Indian 
conditions it takes four to eight weeks for the green-manure crops 
to dwompose and liberate nitrogen for the succeeding crops. 

,.,i • I, * nitrogen supply are bulky organic, manures 

which include farmyard naiwe,, fami compost,'town compost, oil- 
akes, hsh manure, mghtsoil poudrette, sludge and sewage, and 

organic manures and ferti¬ 
lizers has been discussed m Chapter TV. 
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The, maximum amount of nitrogen is available from anhydrous 
ammonia and the minimum from leaf compost. Bone-meal, mtr(> 
phos, niciphos II, nitrophoska, monoammonium phosphate and 
diaimnonium phosphate are phosphatic fertilizers which have com¬ 
bined nitrogen in their composition. The availability of nitrogen 
from bulky organic manures is much less than that from concen¬ 
trated organic manures. The latter take much less time to decom¬ 
pose in the soil than the former. They release dieir plant food 
almost as rapidly as the fertilizers do. Of the fertilizers, bone-meal 
releases nitrogen slowly, particularly in alkaline soils. 

Phosphom-. The chief sources of phosphorus in the soiUre 
the minerals, apatites [Ga (OH)^ SGuj (PO^) ] and flour apatites. 
Phosphates are also held on the surface of hydrated iron and 
possibly aluminium oxides. Besides, organic phosphates, such as 
phytin and nucleic acid, are also met with in soils, which on de¬ 
composition release phosphorus for absorption by crops. _ Normally 
the total phosphorus present in the soils is^quite high in mo.st of 
the mineral soils, but only a .sihall part of it i.s available for the use 
of crops. A maximum aiiibunt is available when the soil is neither 
acidic nor alkaline in reaction. 

Large natural deposits of rock phosphate _ exist in several 
countries, namely the U.S.A,, Morocco, Algeria, the U.A.ll., 
Norou Islands in the Pacific, the U.S.S.R.,, India and a few other 
countries. These are exploited and used as fine powder or as raw 
material for conversion into superphosphate of various grades or for 
manufacture into compound fertilizers. 

In India high-grade rock phosphate is available in Chota 
Nagpur in limited amounts. On the other hand, Trichy-nodules, 
though available in large deposits, are rather uneconomical to collect 
for processing into superphosphate, Thus, for the manufacture of 
superphosphate most of the rock phosphate is imported and con¬ 
verted into single superphosphate. A limited quantity of hyper¬ 
phosphate is also imported into the country for use on acid soils, 
Basic slag available from the steel plants as a by-product of the 
industry, contains less than 5 per cent of PjOj. The response and 
economics of its use are still under investigation. 

Potash’, The chief sources of potash are the potash-bearing 
minerals found in the soil. These are potash micas, biotite and 
muscovite. The potash micas weather readily as compared to potash 
felspar or thoclose, In nature these minerals, by weathering, 
decompose and release large quantities of potash plant food, except 
when the soil is extremely acidic (pH below 4). Potash deficiency 
16 
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in the Indian soils is more commonly experienced in acidic soils 
than in neutral or alkaline soils. 

Originally the world source of potassic fertilizer was the Sta^- 
furt mines in Germany, Subsequently, potash depo.sits were dis¬ 
covered in France, Spain, Poland, Russia, the U.S.A,, Canada and 
Palestine. These minerals arc carnallitc, kainitc and sylviti;. The 
commercial potassium sulphate contains 48-50 per cent of potash 
(K„0), and muriate of' potarii has fiO-lill per cent of potash. 
Wood-ash contains about 4~5 per cent of potash and farmyard 
manure about 0,6 per cent. 

Calcium’. Soils deri’t^ed from basic rocks, such as hiisalts, give 
rise to clay minerals which contain calcium. The chief ore.s are 
basic plagioclafics, 'riicsc weather readily and yield calcium .as 
plant food for the crop. Besides, calcium carbonate is prraent in 
adequate quantitie.s in most of the Indian .soils in the form of kankar 
or calcium nodules. The extremely acid soils are partially devoid 
of c.alcium because of heavy and con.stant raims in the regions where 
they occur. 

Wood-a.sh contains 22 per cent of calcium. The other source 
of calcium is limestoni;. The deposits of limestone are met with 
in all countries of the world. India possesses quite exten,siTC de- 
posits, which so far have not been exploited for use its fertilizers 
or soil amcndinimt. There is an urgent need to use, lime on acid 
soils in the country. 

Magnmm’, This occurs in clay minerals, which on weather¬ 
ing readily yield the m.ngncsium into .soil solution. Thi.s has .suffi¬ 
cient quantity of magnesium to meet crop requirements. _ But the 
deficiency, wherever it exists, can be met by supplementing it by 
application of magnesimn sulphate or dolomite limestone, Wood- 
ashes also contain magnesium., 

Sulphur’. In the soil, sulphur is one of the ingredients of orga¬ 
nic matter. It is also met with as elemental .sulphur and in the 
combined form with some of the clay minerals. Generally the 
amount present in the Indian soils is suflRcient to meet the needs 
of crops. 

Deposits of gyps,iim, which is a good source of agricultural raw 
material for sulphur, occur in Bikaner. Deposits of flowers of 
sulphur are met with in the Himalayan Ranges, but these are un¬ 
economic. Ordinary supeiphosphate, sulphate of ammonia, sul¬ 
phate of potash and bulky organic manures supply sufficient amounls 
of sulphur to meet the needs of crops, Gypsum is ordinarily applied 
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to saline-alkali soils to neutralize their alkalinity and restore their 
productivity, 

Minor milrienls 

' Iron: It is normally available in abundant quantities from the 
organic matter and soil minerals, Its availability increases on 
■addition of organic matter and sulphur (gypsum) to the soil, par- 
ticularlji vyhen the soil is calcareous or alkaline in nature. Since it 
is required in small quantities it is sprayed on crop,s as ferrous 
sulphate. Sometimes, iron silicate is applied to the soil to meet 
iron deficiency in trees, particularly in the calcareous .soils. 

Manganese: The amount of manganese required by plants is 
small. It is _ usually available in organic matter and in clay mine¬ 
rals present iii the soils. Sometimes excessive quantities of manga- 
“f® available and plants show typical symptoms of iron 
chlorosis. Overliming of soils sometimes shows' up manganese 
deficiency, which is generally offset by the application of manganese 
plphate, The deficiency due to overliming is corrected by spray¬ 
ing 1-2 kg per hectare of manganese sulphate. 

Boron: The organic matter and minerals are the chief sources 
of supply of boron. Some of the irrigation waters (boron range, 

0.5-2.5 ppm), as in. the River Valley of California, contain high 
amounts of boron, Its accumulation in the soil has proved detri¬ 
mental to citms plants. As plants, take up more and more of 
calcium and^potassium, they need relatively greater supply of boron. I 

In the arid irrigated areas boron deficiency is sometimes very acute. ^ ■ 

_ The crops normally absorb sufficient quantity of boron for 
optimum production. Borax is applied to meet boron deficiency 
in^ acid sandy, soils, Sometimes its application is necessitated when ' 
soils show high, content of lime. 

Zinc: Soil minerals, on weathering, provide the necessary 
amount of zinc for crop production. This amount, present in the 
soil,- appears to depend upon the parent rocks and the kind of | 

weathering processes, ^ Zinc deficiency is restricted to very heavy ' i 
soils or very sandy soils formed from silicious rocks, such as gneiss, 
quartz or sandstone. On such soils micro-organisms sometimes 
compete with plants for zinc requirements. Some plants, such as | 

lucerne, can extract this nutrient more than other crop plants. 

_ The quantity of micro-nutrient necessary to meet the deficiency \ 

in plants in zin^deficient soils is small This'is commonly met by ■{ 

spraying a solution of zinc sulphate, particularly for the fruit trees. " t 
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For _a farm crop a liberal .supply of famyard manure meets the 
requirements of this nutrient. 

Copper: Soils which arc derived from quartz and sandstone 
and arc of sandy^ nature manifest copper deficiency. Copper is a 
part of the soil minerals and is made available through the weather¬ 
ing of rocks. On peaty soils its availability is limited. Its defici¬ 
ency is normally met with by the application of sulphate to the 
soil. In the calcareous soils copper is fixed rapidly by soil colloids. 
Sometimes, crop.? respond to zinc if copper is also applied simul¬ 
taneously, 

Molybdenum: The. minerals on decomposition of rocks provide 
molybdenum for the nutrient requirements of the crop. On almost 
all soils the crop requirements are met with, except for the clovers 
which have high requirements. Clovers fail to fix nitrogen in the 
absence of adequate supply of molybdenuni. In acid sandy soils of 
Australia, New Zealand and Tasmania its deficiency is very clearly 
manifested, 

FUNCTION OF NUTRIENTS IN CROP GROWTH 

In the nutrition of a crop varioirs nutrients perform distinct 
functions. Their relative es.sential role depends upon whether they 
enter into chemical compo.sition or regulate the various physiological 
processe.? in the plant,’ 

Carbon. The plant absorbs carbon dioxide directly from the 
atmosphere. This combine,? with water in the presence of light and 
forms the primary sugars, such as glucose and fructose (fruit sugar). 
Chlorophyll is the pigment which absorbs the radiant energy of the 
sun and brings about complex chemical synthesis of carbon dioxide, 
and water resulting in simple sugars. This process is technically 
called, photosynthesis or synthesis in light. Thus, by the combina¬ 
tion of carbon with water, sun’s energy is stored in the plant body, 
and the first carbohydrates are formed in the plant, From the 
carbohydrates complex sugars (disaccharides and polysaccharides), 
starches, hemicelluloses ■ and celluloses (hexosans and pentosans) 
are formed, 

sugars (pentoses-CjH^Oj and hexose^ 
polymerise (chemically combine) into oils and fats. 
For instance, the .soluble carbohydrates (sugars) decrease from .37,5 
to 4.5 per cent during the ripening of sunflower seed, Same has 
been observed about oil in coltai and niger seeds, This process is 
indicated as: 
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Glycerine 

Carbohydrate Saturated fatty Unsaturated other 

acids acids 

The reverse process takes place when seeds germinate, Fats and 
oils stored in the seed give rise to carbohydrates. This polymeriza¬ 
tion or conversion (hydrolysis) occurs due to the presence of en¬ 
zymes, which are organic catalytic agents in the plant. 

Oxygen. Oxygen is part of water as well as carbon dioxide, 
When water combines with carbon dioxide oxygen is evolved: 

6GO2+6H2O-C(,Hi 20 g +602 

Thus, the oxygen evolved in the process equals the volume of 
carbon dioxide absorbed by the plants. This evolution of oxygen 
takes place in the process of photosynthesis, 

The process is reverse in respiration when a simple or a com¬ 
plex sugar, fat or oil breaks up, It requires oxygen and gives out 
CO2. 

CoH^Og-i-GOg— ecOj+eHjO 
(Glucose) 

Six molecules of carbon in the glucose combine with six mole¬ 
cules of oxygen to form six molecules of carbon dioxide. In the 
process six molecules of water are formed. Thus, oxygen plays a 
dominant role in tire processes of photosynthesis and respiration 
in plants. 

Hydrogen. _ It is. one of the most important elements in the 
nature. It readily combines with oxygen to form water and with 
carbon to form complex chemical organic compounds. The growth 
of plpts would only take place if adequate quantity of water is 
supplied to meet the needs of hydrogen for synthesis of organic 
substances. When organic compounds either break up in the plant 
or decompose in the soil or atmosphere, the released hydrogen 
always combines with oxygen and forms water. Thus, the exchange 
of hydrogen takes place in either of the synthesis or decomposition 
(including respiration) processes. 

Nitrogen. Carbon is not only an essential part of carbo¬ 
hydrates, fats and oils but also an essential ingredient of proteins. 
Other constituents of proteins are oxygen, hydrogen and nitrogen, 
usually sulphur and sometimes phosphorus. The majority of the 
proteins have the follpwing composition (in per cent): 
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Carbon 

50.n-,5,S,0 

Hydrogen 

6.5-7.3 

Nitrogen 

15.0-17.6 

Oxygen 

19.0-24,0 

Sulphur 

3.0-5.0 


_ When proteins decompose through, hydroly.si.s iticy give out 
amino acids; reversely, when proteins are formed or synlliesized the 
basic .substances are amino acids, 

Nitrogen is the basic nutrient which forms chloropliyll, amino 
acids, proteins, alkaloids and protoplasm. In the [ilant sap ammo¬ 
nia, nitrates and iiitritc.s .are found only in tr::ice,s or very .small 
quantities, _Whi:m the plant lakes up large .quaiuitie.s of nitrogen 
from the soil the colour of the plant changes to dark-green, indicat¬ 
ing the increase of chlorophyll in_ the plant. Since the amount of 
chlorophyll in the plant determines the carbohydrate synthesis, 
nitrogen, in a way, may be said to control this activity. When there 
is le,s.s uptake of nitrogen, the leaves remain small and imlii-yellow 
in colour, _ As the level of nitrogen supply increa.se,s, compared with 
other nutrients, the extra protein produced enlarges the leaves which 
provides larger leaf surface for photosynthe,si8 and make,? the leaves 
more .succuhmt and less coarse, increase,? the lengtli of tlic growing 
season and delays maturity. In relation to shoot growth the root 
growth is depressed. It helps in seed formation and increase,? the 
food and feed value of crops. But when the crop plants become 
more succulent due to larger availability of nitrogen they become 
susceptible to pests and diseases. 

Phosphorus, It is a constituent of the cell nucleus, essential 
tor cell division ora the development of meristematio ti,ssues at the 
■growing points. Therefore, plants which cannot absorb adequate 
quantities of .phosphorus from the soil have small root sy.stem tind 
leaves, and their growth is stunted. In cereals tillering is reduced 
and maturity IS delayed, Fhosphoms is particularly helpful in the 
production of legumes, as it iticre.'ises the activity of nodular bac¬ 
teria which fix nitrogen in the .soil It aid.? the foimation of seeds 
and fruits, particularly in the legmnes. Optimum quantity of phos- 
phoru,s available to the crop k combination with nitrogen balances 
their shoot and foot growth. 

Potassium. Unlike nitrogen and phosphorus, potassium is 
not a constituent of the carbohydrates, oils, fats and proteins the 
substances which form the fabric of the plants. But it plays a’vital 
role in the formation or synthe,5is of amino .ncid.s and proteins from 

21 





HANDllOOK 01'’ MANURES AND RliUTIMZHUS __ 

ammonium ions which an; absorbed froin the soil, It in also con¬ 
sidered essential in the photosynthetic activity of the leaves. When 
potassium is in short supply the carboti dioxide is synthesized into 
sugars more slowly than when it is avuikible in optimum quantity. 
The relative concentration of sodium and calcium also influences 
the activity of potassium in the plant. It help.s in moving manu¬ 
factured food, viz, carbohydrates (sugars) and proteins (amino 
adds), from leaves to roots,' It favours the growth of !(;gmnes in 
competition with other plants. The stalks and stems (of plants) 
are more stiff when an adequate supply is available than otherwise. 
In consequence, tht; lodging in cereals is reduced. _ It increases the 
plumpness of the grains. In general it imparts vigour and resist¬ 
ance to diseases. Some crop.s, such as potato, tomato, clovers, 
lucerne and beans, are more responsive to potas,sium than to other 
crops. As larger quantities of carbohydrate,s and proteins are stored, 
it increase.s winter hardiness of .some plants, such a.s lucerne. 

Sulphur. Sulphur is a constituent of many proteins, and aids 
in the formation of chlorophyll and root growth, Plants having an 
abundant supply of sulphur develop chui-greeu leaves and exten¬ 
sive root system. In legumes the nodular activity is appreciably 
increased by adequate supply of sulphur. Due to larger iivaila,bilily 
of proteins the plant growth is vigorous, 

Calcium. Calcium appears'to be essential for the formation 
of cell-walls, as calcium pectate forms part of the middle layer of 
the cell-wall, The middle lamella regulates the entry of only those 
nutrients which are not toxic to the plpt. In root-tips calcium 
is very essential for the meristematic activity or formation of new 
tissues. It also helps to keep up sustained activity of the nodule 
bacteria in legumes. 

Besides its direct nutrient value, calcium when applied to acid 
soils increases the availability of other nutrient,s,_ like phosphorus, 
nitrogen and molybdenum. Excess of calcium in the calcareous 
soils depresses the uptake of potassium and magnesium, These are 
.secondary effects of calcium on plant growth. 

Magnesium. The chlorophyll development is much reduced 
when magnesium uptake is restricted because it i.s an integral part 
of the pigment. It maintains the dark-green colour of leaves and 
regulates the uptake of other materials, particularly nitrogen and 
phosphorus. It appears to play an important role in _the transport 
of phosphorus, particularly into the seeds. It is also said to promote 
fobmatioili of oils and fats, possibly by increasing photosynthetic 
activity in the leaves. 
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Iron. Although iron does not enter into the comimsition of 
chlorophyll, its deficiency manifests itself in chlorosis, yellowing or 
whitening of leaves. The concentration of iron ions plays an im¬ 
portant part in the oxidation process in le,af cells, When iron is 
not taken up in adequate quantity, the growth of plants is le.ss 
vigorous, and seed and fciit development suffers as a eon,sequence 
of decreased photosynthetic activity in the leaves. 


Manganese. Manganese is an essential element and appears 
to have a role in the fomation or synthesis of chlorophyll. In the 
absence of deficiency of manganese the carbohydrate synthesis is 
di-slurbed, resulting in retarded growth, decrea.se in the content of 
ish and failure to reproduce. The leaves and roots of plant,s de¬ 
ficient ill manganese have much less of sugars than tho.se which 
can absorb sufficient quantity of manganese. M.anganese, probably 
m association with iron, is a constituent of some respiratoiy enzymes 
and some enzpes responsible for protein synthesis froin the amino 
acids formed in the leaves. 

Boron. One of the most marked effect of boron deficiency 
observed is the. restricted development of nodules on the roots of 
iepimes. Ve^ little nitrogen is fixed in the.se nodules. Besides, 
Its deficiency influence.s the growing points of .stems, buds and roots, 
ihe tissues carrying the minerals and water from the .soil to the. 
leaves are also disorganized in the absence of boron. The leave,? 
become brittle. Many deficiency diseases, such (is internal cork 
01 apples, heart rot of sugar-beets, top rot of tobacco and cracked 
stem of celery, are caused by its deficiency. 


III 0 . general way zinc is associated with the develop, 
raent of ch oropliyll in leaves and a high content of zinc is correlated 
f n % of chlorophyll. In its absence growth is less, 
biios fail off and seed development is limited. In peach and apri¬ 
cots^ zinc-deficiency symptoms _are manifested in leaf, In Htnall 
trees brommg of leaves _is mitigated by spraying zinc .sulphate on 
leaves, ihe. citrus mottling of leaves may be frequently due to the 
deficiency of zinc in the plant, 

Copper. In the chloroplasts of leaves there is an enzyme 
wnicii as concerned with the oxidation-reduction processes. The 
presenc^ of copper appears to be essential for this enzyme to func- 
1!!' n n P important role in the process of pho- 

affected with chlorosis, rosetting 
and ffieback recover quickly on application of copper sulphate to 
the soil m amounts ranging from 0.22 to 0,90 kg ])er tree 
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Molybdenum. The presence of molybdenum is very essential 
for Ae fixation of atmospheric nitrogen in the roots of legumes by 
nodule bacteria. In plants it is essential for the nitrate-reducing 
enzymej as plants well supplied with ammonium do not need it as 
an essential element. The deformity of ‘whiptail’ produced in cauli¬ 
flower is due to the deficiency of molybdenum. 

Considering the role played by various essential elements they 
may be grouped as follows; 

Group I Energy exchangers Hydrogen and oxygen 

Group n Energy stores Carbon, nitrogen, phos- 

phoms and sulphur 

Group III Translocation regulators Potassium, sodium, cal¬ 
cium and magnesium 

Group IV Oxidation-reduction Iron, manganese, moly- 

regulators bdeimm, copper, boron 

and zinc 

This grouping is based on the physiological_ functions of the 
elements in the synthesis of carbohydrates, proteins, fats, oils, en¬ 
zymes and other substances which are part of the active mass of 
protoplasm, In plants all functions are well co-ordinated for 
growth and development, Growth is disturbed in proportion to 
the deficiency of any of these nutrients. 

Since nitrogen, phosphorus and potassium are required _ in 
comparatively much larger quantities,'' these are called fertilizer 
elements. Calcium and magnesium requirements are usually met 
with by the application of lime. These are, therefore,^ called^ ‘lime 
elements’. Limestone, which contains these nutrients, is applied to 
acid soils. The remaining elements, viz. iron, manganese, boron, 
zinc, copper and molybdenum, required in small quantities ate 
termed minor elements, 

NUTRIENT SUPPLY AND CROP GROWTH 

A crop can subsist and yield at sub-optimum level while feed¬ 
ing on the lowest stage of nutrition of the element. This is termed 
as ‘minimum percentage’. There is another range of element round 
this minimum at which the crop can absorb and grow faster in pro¬ 
portion to the increase in supply of the limiting element, This 
range is termed as ‘poverty adji|8tment’. Within this range there 
is no excessive uptake of the nutrient. The increase in the supply 
of the nutrient is accompanied by substantial changes in plant 
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growth and very little of . the nutrient i.s .stored in 
plant till a critical percentage is reached. Above this ^ A 
little growth takes place due to some other tiutruuit limit ng , 
growth of the crop, or due to non-utilization of _the ‘ | 

growth processes in the plant. Above tlie critical perceiituge th. 
uptake of the nutrient is rapid but it is not .synthesiwd into i _> 
ducts which contribute to the growth_of the plant. "‘I. 
termed luxury consumption of the nutrient. This relationship holds 
good for most of thd nutrients except where toxicity is inaiiue,stett. 
Luxury consumption is well known to occur in the case of pota.ssiuin. 

The relationship between the yield of crops and the nutrierit 
supply has been experimentally determined by various workers. 
Mitscherlich, determining the relationship, observed that a_ciop 
should yield a certain maximum yield if all conditions aril ideal, 
but if any essential nutrient is deficient there is a corrc.sponding 
reduction in the yield. The increase in crop yield by a unit of 
increment of the limiting nutrient is proportional to tlie decnmietit 
from the maximum. This has been expressed mathematically by 
Mitscherlich as follows: 


In this equation y is the yield obtained when x is the araount 
of nutrient present, A is the maximum yield ol>tainai)]c ii the 
nutrient was present in excess and c is the cormuint. When! 
x=0 and y = 0, the curve assumes the following form: 

The factor c in these equations is a constant forp^ach ffu’tilizei', 
independent of the crop, soil or other conditions. Thus, given the 
value of c and the results of a fertilizer trial the experinienter can 
predict the yields with increasing levels of that fertilizer. 

Interaction of nutrients. Often a nutrient in deficient .supply 
restricts the growth due to non-availability of it to the plant, In 
turn other nutrients though available in optimum quantity are un¬ 
able to show their effect to the maximum extent pt).ssibie. Alterna¬ 
tively, when the nutrient in limited supply is made up in the soil, 
the other nutrients which were showing limited response previously 
show up their full response. This effect is known as ‘interaction 
of nutrients’. Technically speaking, the law of minimum operates 
in the responses of two essential nutrients required for optimum 
growth. If only one is added it will have little effect on growth, 
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while application of both of them will have appreciable effect and 
the response to two together will have larger than the responses to 
individual nutrients, Under such circumstances the interaction is 
said to be positive. Howeven when the response to two nutrients 
together is less than the sum of the responses to each factor se¬ 
parately the interaction is termed negative. _ The interaction _ is 
positive when both the nutrients are in the minimum; it is_ negative 
when one of them is in excess and is being absorbed in larger 
quantity than is required in the optimum, and proves toxic in the 
growth processes. The experimental evidence to indicate the posi¬ 
tive and negative interactions, obtained in field experiments, will be 
reported in Chapter XL 

The interaction of nutrients is particularly of importance in 
relation to potassium, magnesium, calcium, sodium and minor ele¬ 
ments, A minimum balanced concentration of these is essential for 
regulating the growth processes in the plant, particularly the func¬ 
tions of translocation of nutrients from the soil to the growing 
points of the shoots and the roots, and the oxidation-reduction func¬ 
tions concerned with respiration, photosynthesis, polymerization, 
hydrolysis, digestion and other processes. The relative concentra¬ 
tions of these nutrients depend upon their relative availability in 
the soil. When any of them is present in excess it is absorbed in 
larger quantity than the other nutrients, and relatively the concen¬ 
tration of the other nutrients is reduced with consequent appear¬ 
ance of deficiency symptom of the_ nutrient in short supply, result¬ 
ing in deficiency disease or restricted growth of the crop, For 
example, large dressings of lime after hoeings bring about magne¬ 
sium and potassium deficiencies if the soil has low content of these 
two nutrients. This has serious repercussions on growth and sub¬ 
sequent yield of crops, which is less than anticipated. In other 
words negative interaction comes into evidence. In, the art of 
manuring for top yields the farmer is very much concerned with 
optimum supplies of all nutrients to the crop so that^ negative 
interaction of nutrients (or hidden hunger) never comes into play, 
rather the positive interaction is manifested at all stages of growth 
of the crops. 

DEFICIENCY SYMPTOMS 

The plants exhibit'hunger signs when they cannot adequately 
absorb plant nutrients. These symptoms of hunger for nutrients are 
readily recognizable' under field conditions. The hunger can be 
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readily satisfied by the application of fcrtilizens to the .soil. The 
symptoms of malnutrition are described below. 

Nitrogen, The nitrogen-deficient plant,s are light-green in 
colour. The lower leaves turn yellow and in some crops they 
quickly start drying up as if suffering from shortage of water. The 
growth is stunted and stems or shoots are dwarfed. In cereals 
tillering is restricted. In corn if nitrogen deficiency persists the 
yellowing will follow up the leaf midrib in the typical V-shaped 
pattern with the leaf margins remaining green. The drying up of 
lower leaves is generally referred to a.s firing. In small grains, 
namely, wheat, barely and oats, the nitrogen-starved plants are 
^erect and spindly and the leave,s have yellowish-green to yellow 
colour, The stems are purplish-green, In potato, in the later 
stages of growth, the margins of lower leaflets lose their green 
colour and become pale-yellow, In cotton the blades and petioles 
are reduced in size, turn yellow or brown and die, Plants produce 
fewer lateral branches, reduced number of fruiting branches, and 
very much reduced number of flowers and bolls, In legume.s the 
growth is stunted and the lower leave.s are pale-yellow or browni,sh 
in colour. _ In citrus the leaf shedding is heavy. Their leaves are 
small in size, thin and fragile and have light-green colour. In de¬ 
ciduous fruit trees the leaves have yellowish-green appearance. The 
old, mature leaves are discoloured from base to tip. Under pro¬ 
longed deficiency, twigs become hard and slender. In ve,getable,s 
there is retarded growth with leaf chlorosi.s. The stems are slender, 
fibrous and hard. 

Phosphorus. Generally the plant is dark-green but the lower 
leaves may turnjellow and dry up. Growth i.s stunted and loaves 
become smaller in size. In corn, leaves and stems have a tendency 
to become purplish; young plants are stunted and dark-green in 
colour,^ Small grains have dark-green colour and often hav'c pur¬ 
plish tinge. They have retarded growth. In potato, in early stage.s, 
the plants have stunted, spindly growth. The tubers have rusty- 
brown lesions in the flesh in the form of isolated flecks which some 
times join together to produce larger discoloured areas, The cotton 
plants have dark-green colour, leaves and stems are small, and the 
bolls mature late. Besides the dark-green colour of legume plants, 
their petioles and leaflets are tilted upwards. The plants are spindly 
and stunted. Their stems often turn red, In citrus the plants 
show reduced growth. The older leaves at first lose their deep- 
green colour and lusture, and develop faded green to bronze colour. 
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Necrotic areas develop on such leaves. In deciduous fruit trees 
the young leaves have dark-green colour while mature ones have 
bronze or ochre dark-green colour. _ The new twigs are slender. 

In vegetables although the growth is retarded the leaves do not 
show symptoms of chlorosis. In many crops the under surface 
of leaves develops reddish-purple colour, The stems are slender 
and woody. They bear small, dark-green leaves. 

Potassium. The margins of leaves turn brownish and dry up. 

The stem remains slender. In tobacco there appear small spots 
of dead tissue between the veins, at leaf tips and margins which 
are tucked or cupped up. In maize, in the young stage, the edges 
and tips become diy and appear scorched or fired. At a later stage 
in well-grown plants the leaves are streaked with yellow and 
yellowish-green colour, and the margins dry up and get scorched. 

Similar symptoms are shown by oats, wheat and barley. In potato 
the deficiency of potassium is acutely manifested. The plant 
growth is retarded, the internodes are somewhat shortened, the leaf f 
size is reduced and they form a sharper angle with the leaf petiole. 

The leaflets become crinkled and curve downward. The older 
leaves become yellowish, develop a brown or bronze colour, start¬ 
ing from the tip and edge and gradually affecting the entire leaf, | 

and finally die. Malnutrition symptom in _ cotton is observed in J 

‘cotton rot’, which first appears as yellowish-white mottling and | 
then changes to yellowish-green; subsequently yellowish spots apfiear j 
between the veins. The centres of these spots die and numerous 
brown specks occur at the top, around the margin and between . 
the veins. The breakdown first occurs at the tip and margin of the 
leaf. The leaf curls downwards before it becomes reddish-brown 
and dries up. In legumes the first symptoms consist of yellow 
mottling around the edges of the leaf,, This area soon dries up and 
dies. The plants have stunted growth. In citrus phere occurs 
excessive shedding of leaves at blossom time. There is a tendency 
for the young shoots to shed before they become hardened. The 
leaves are small- In deciduous trees the_ necrosis (death of tissues) 
in foliage occurs, the necrotic areas varying in size from very small 
dots to patches or extensive marginal areas. Foliage, especially ■ i 
of peach, becomes usually crinkled., Twigs are usually slender. In . j 
vegetable crops in the older leaves bronze and yellowish-brown ’ ■] 
colours are manifested near the margins. Specks develop along ■ j; 
the veins of the leaf. Ultimately the tissue deteriorates and dies. - ^ 

Magnesium. The symptoms of magnesium deficiency at first ‘ 
manifest themselves in old leaves. In tobacco the lower leaves are * 
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chlorotic but do not show dead spots. The tips and margins of the 
leaf are turned or cupped upwards. The stalks are slender. In 
maize leaves a slight yellow streak develops between llui parallel 
veins in the leaves. In acute deficiency th(;.se .streaked tissues may 
dry up and die. In small grains the plants^ arc dwarfed and turn 
yellow. Sometimes leaves exhibit yellowish-green _ patches. In 
potato the affected leaves arc brittle. The chlorosis in legumes 
begins at the tip and margins of the lowermost leaf, and pi'ogre.s,se.s 
between the veins towards the centre of the leaflet. Eventually the 
tissue between the veins is filled with brown, dead areas. In cotton 
the lower leaves have purplish-red colour with green veins. In 
legumes the areas between main veins of the ]eave.s become pale- 
green, which later turn deep yellow. At a later .stage of growth 
the leaf margins curl downwards accompanied by a gradual yellow¬ 
ing and bronzing from the margin inward. In vegetable crops the 
symptoms are similar. The chlorosis appears first between leaf 
veins of new leaves and then spreads to older leaves. The chlorotic 
areas become brown or transparent and ultimately marked necro.sls 
of affected tissue occurs. In citrus trees the green colour fades iti 
the leaf, parallel to the midrib, and spreads from there. However, 
the base of leaf usually remains green even in very advanced stages 
of deficiency of magnesium in the plants. In deciduou.'i fruit trcirs 
necrosis occurs as fawn-coloured patches on mo.st mature, large 
leaves. The affected leaves drop, leaving a tuff or iiLsette of thin, 
dark-green leaves at the terminal part of the twigs. 

Calcium. Generally the deficiency syraptonrs due to calcium 
starvation are localized in new leaves and in bud leaves of plants, 
In severe cases the terminal bud dies. In tobacco tlie young leave,s 
making up the terminal bud first become typically hooked and die- 
back _ at tips and margins. The stalk finally dies back. In maize 
the tips of the unfolding leaves gelatinize and when they dry tliey 
stick _ together. In potato a light-green band api!(;ar.s along the 
margins of the young leaves of the bud. The leaves often have a 
wrinkled appearance. In cotton calcium deficiency makes the 
petioles bend and later collapse. In vegetables the fitems grow 
thick and woody, and the new leaves are chlorotic. The new growth 
lacks turgidity. In legumes the nodules developed are small and 
fewer in number. In cirtus the green colour fades along the edges 
of the leaf and this spreads to areas between veins. The .symptoms 
appear first in immature leaves of deciduous fniit trees, e,specially 
those at the top which dieback from tips and margins or along the 
midribs. Later on the twigs also dieback. 
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Zinc. Various plant species show different symptoms of zinc 
deficiency, In tobacco lower leaves are at first involved. Ihey 
are mottled or chlorotic with spots which rapidly enlarge involving 
secondary and primary veins in succession. The leaves are thick. 
They have short internodes. On maize seedlings, ‘white bud 
disease is noticed. It is a type of chlorosis or fading of dark-green 
colour. These-are small white .spots of inactive or dead tissue. 
The leaves of opening buds have white or light yellow colour. Hence 
the zinc, deficiency disease is called ‘white bud’ disease.^ Potato 
plants without zinc form greyish-brown to bronze-coloured irregular 
spots, usually appearing in the middle of the leaves. The. affected 
tissue sinks and finally dies. Extreme deficiency of zinc manife.sts 
in chlorotic conditions and in darker-coloured veins of leaves. It 
is difficult to distinguish these symptoms under field conditions. In 
vegetable crops the new leaves have mottled appearance with 
yellow colour. In acute cases the necrotic or dead ureas are found 
on new leaves. 

Boron. The deficiency symptoms of this nutrient are usually 
localized on nerve or bud leaves of the plant. In tobacco the young 
leaves have light green colour at their bases. This is followed by 
break-down of these tissues. In old leaves with acute deficiency 
they show twisted growth, The stalks finally dieback at the termi¬ 
nal bud. In corn the younger leave.s are dwarfed. Their tissues 
are white and the growing tip,s dead. Under field conditions the 
plants have weaker ear-shanks and stalks. Their leaves are yellowish 
in colour, In the potato fields boron-deficiency symptoms occur 
in the tubers rather than on the veins. The tubers on boiling show 
much sloughing, are fairly saggy and have a flat flavour. In sand 
culture devoid of boron the plants arc short and bushy. The 
growing points are soon killed and the growth of lateral buds is 
stimulated. The leaves thicken and margins roll upwards. The, 
leaf points and margins of older leaves die prematurely. The 
tubers, besides being small in size, have a ruptured surface. In 
cotton the effect is localized to terminal buds which dieback, result¬ 
ing in multi-branched plant. The young leaves are yellowish-green 
and flower buds are chlorotic. In vegetables the growing tissues 
of stems and roots are involved, The new bud leaves and petioles 
have light colour, are brittle and are often deformed in .shape. 
Resetting due to short intemodes is pronounced at the shoot ter¬ 
minals. The legumes also have resetting at the terminal buds, The 
buds appear as white or light brown dead tissue. The plants have 
little flowering. In citrus the deficiency symptoms are localized 
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to new growth. New leave.s have water-soakixl Hecks, which be¬ 
come translucent. The fruits have hard, gummy lumps in the rind. 
In deciduous trce.s symptoms tippear on terminal tissue.s of twigs. 
The young leaves have chlorotic appearance and are writikietl, Due 
to severe deficiency the twigs and .spurs show .symptom.'* of dieback, 

Manganese. In tliis case also the .symptoms are localized to 
terminal^ bud.s which remain alive, but the bud leaves are chlorotic 
with veins light or dark-green, In tobacco the young chlorotic 
leaves develop dead tissues'.sctittered over the leaf. The amallest 
veiiLs tend to remain green, which gives chequered ellect on the 
lepes. In oats the ‘grey .speck' disease has been found associuted 
with manganese deficiency. In potato the terminal Imds remain 
alive, chloro,sis of newer ti,ssue occurs and mnneroiis .small brown 
patches develop which in time become more exteiisivt?. In cptton 
the teminal buds remain alive but upper or bud leaws l)(.*torae 
yellowish-grey or reddish-grey while veins remain green. In vege¬ 
tables the new leaves become chlorotic while veins reniuiii green. 
In. cereals the leaves turn brown or lran.sparent; thi.s is followed 
by necrosis of the affected tissues. In legumes thf' temiin,al buds 
remain alive but leuve.s become light green or yellow witli green 
veins. Later on, dead ti.s.sue.s appear on tho leaf, Althougli in 
Citrus the Ictives hrtvc norniul shape and size their reniuhi 
green wliile the tissue in between becomes light green to grey in 
colour. . 


Iron. The iron-starved plants have .short imd sli'mlm' stalk, 
J’heir temnnaMiuds remain alive but their new leaves .show chlo- 
rosiK of tissues in between the veins, which tliemselve.s ri'iniiin gireii, 
fn tobacco the young leaves front the temiina] buds show chlorotic 
appearance. i he veins of these leiives remain typically green. In 
young leaves a slight uniform chlorosis i.s at first noticed, T'he 
margins and veins retain green colour. The leaves gnulually be- 
come pale-yellow and subsequently white. In vegetable crops the 
new leaves develop light yellow colour in between the vein.s LiUnr 

In legumes the leave,s mm 
yellow with the veins reinammg greon, and on leavis spots of dead 
issues appear, particularly at the margins. Tin® dead tis,snes, in 

of twigs ls ewnnion, 

accompanied by chlorosis of leaf tissues in between the veins, The 
growtli of plants i,s very much restricted, 

• tpnninal buds remain alive but wilting or chlo- 

ro.sts of bud leaves takes place with or without spots of dtil tissues. 
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The veins of S dom*™ 

'SdTt£ .^SfS 

*d hS' 1 L n»o,k of green veins on . 
llgS*een bedgiiund. The fruhs have gnmm, eac,«. 
Sliilnliiir Generally the terminal bud remains alive. Ine 

thp ^irreen colour of new leaves does not show any change. 
iLfabTes the leaves develop yellowish-grecn_ colour, and become 
thfck and’finn. The stems harden and sornetimes become abnorm- 
i elongated and spindly. In legumes the younger Javes turn 
l-a een to yellow, Jhile terminal buds remain alive. The growth 
Sf citrus slows clown. The new leaves develop very light yellow- 
green to yellow colour. , • i 

Molybdenum. The deficiency is markedly evident m legumes,, 
particulariy in the subterranean clover. Molybdenum-starved plants 
have yellowish to pale-green colour. 


e yeuowisu tu -- 

A , schematic chart is given on the next page to indicate the 
broad distinguishing features of these deficiencies. 
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PLANT NUTRIENTS IN CROP PRODUCTION 
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CHAPTER 11 
SOILS AND CLIMATE 



1 1.1 copnia n greater variety of meteorological con- 
INDIA, fhan any other area of similar size m 

ditions, actions and |i. ^orth has vei 7 

the world. Its _climate is interior 

different conditions from t e . normal annual rain- 

and the West Coast J' . * ‘ jjjjjg 700-1,000 cm 

fall varies from about 1,100 m m taam 

at suitably eaposed posit™ 0 „ „( y,ar pans of 

Wll'^?e arged Stin'aud at .note pertitet dry ...te 
prevails <“ ™f j V the low- 

iI?r„dTXy; asl-- »< l-' Mah.nadi, cod.. 



fodia^presents a noteworthy combination of tropical and 

temperate conditions. Tropical heat, of T 

•fierce cYclones are prevalent at one period of the year, wnue 
moderate temperature and rain with shallow, extensive stoims 
at another period. 


The soils of India may broadly be classified as follows: 

1 Red and yellow amounts of salts 

2. Red loam 14. Gangetic alluvium (ca, 

3. Red gravelly , ,, 

4. Laterite 

i Laterite (old alluvium) 16. Desert (grey) 

6. Deep black or regur 7. Desert (brown) 

7. Medium black of trap and 18, Skeletal 

gneissic origin *19' Forest : 

8. Shallow black dated) 

9. Black (undifferentiated) 20. Brown 

10. Mixed red and black forests 

11. Alluvial S ' 

li Coastal alluvium 22. Podsolii 

13. Grey and brown, of the 23, Glacieri 

Indus, the Yamuna and 24, Submoi 

the Gangetic 'basins im- eluding 


AU. 

49, Forest and hill (undifferen¬ 
tiated) 

20. Brown under deciduous 
forests 

21. Mountain meadow 

22. Podsolisecl 

23. Glaciers and eternal snow 

24 Submontane regional in¬ 
cluding bhabar and terai. 


pregnated 


varying 25. Peat. 


OK XHJi CLIMATE OF INDIA 


.SOILS .\NI) CIUMATK 



tujarat) 











iContcL) 



Lshmir, Rains almost through-! . . . . Severe winter 

Hiina- out the year I ' season with 


SOILS AM) CLIMATE 


The soil groups which, have been extensively studied .'ire; 
(i) the red soils, (ii) the laCerite soils, (iii) the black soils, and 
(iv) the alluvial soils. 

Red soils. The red soils of India, including red loams and 
vellow earths, occupy about 518,000 Jcin^ and extend over a 
large part of Madras, Mysore, south-east Maharashtra and a tract 
along the cstern part of Madhya Pradesh to Ghota Nagpur and 
Orissa. In the north and north-east these extend into imei include 
great part of the Santhal Parganas of Bihar; Birlditiin, liaukura 
and Midnapur districts of We.si Bengal,; Kha.si, Jaintia, Garo and 
Naga_Hills .areas of Assam, Nagaland and Meghalaya; Mirzapur, 
Jhansi,; Banda and Hamiqnir districts of Uttar Pradesh; Baghel- 
khand division of Madhya Pradesh and the Aravalli.s and tin; eaKt- 
ern half of Rajasthan. 

The main features of these soils, besides their lighter tiAxliirc 
and porous and friable nature, are: («) the absence of lime Imkar 
Mcl free carbonates, and (b) the usu<al prcsciKie of soluble salts 
m a small quantity, not ^exceeding 0,0.5 per cent. These soils .are 
generally neutral to acid in reaction, .and deficient in nitrogen, itiws- 
phoric add, humus and perliaps lime, Thijy difFcv greatly in ile|)th 
.and fertility, and produce a large variety of crop,s under rainfiicl or 
irrigated conditions. They are divided into two broad classes: 
(i) the red loams, characterized by a cloddy structure and the 
presence of only a few concretionary materials; and fii) the red 
eaith with_ loo,se top-soil, friable but rich .sfieoiKlaiy eoiicrelimis of 
a sesquioxidic clayey character. 

The soil contains a high percentage of ileconnio,sable Iiorn- 
Wencle, suggesting a comparatively immature nature, The silica- 
alumina ratio_ of the. day fractions is 2.7-2,40 and their base ex- 
change capacities are below 20 in.e. per 100 g, Kiiggestiiig their 
predominantly kaoliriitic nature. suggismig ,m.ir 

In the typical red earth the silica-alumina ratio of tin* day 
f.«t» „ h,gl«r than 2 and ,k, are fairly ri* in im„ orije. 

X he soils have undergone excessive weathering and verv low 
amount of decomposable mineral hornblende. ^ 


cultidTri^^TLf® if® of the 

cuiHvatea area. They are rather .sha ow, open in texture with 

he pH ranging between 6,6 and 8,0. They hSe a W b wstlto 

and ow exchange capacity, and are deficient in organic mat er 2 

m plant nutrients, and with the clay fraction ratio of STo, , 
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The predominant soil in the eastern tract of _Mysore is the red 
soil, overlying the granite from which it is derived. The loamy 
red soils are predominant in the plantation districts of Shimoga, 
Hassan and Kadur. They are rich in total and available 
and contain fair amounts of total PjO,-, (0.5-0.3 per cent); the lime 
content is 0.1-0.8 per cent, nitrogen below 0.1 per cent, and iron 
and alumina 30-40 per cent. 

A broad .strip of area lying between the eastern and western 
parts of Coorg is red loam, ea.sily drained and with a fairly dense 
growth of trees. 

The acid soils in the south of Bihar (Ranchi, Ilazaribagh, 
Santhal Parganas, Manbhiim and Singhbhum) are red soils. Their 
pH is 5.0-6.8 and they have high percentage of acid-soluble FeoOg 
as compared with sufficient available potash but PgO., is 

low. The soils from Manbhum, Palamau and Singhbhum are pre¬ 
ponderant in zircon, hornblende and rutile respectively; those of 
Ranchi contain a mixture of epidote and hornblende, neither of 
which is preponderating. 

In West Bengal the red soils, sometimes misrepresented as 
laterites, are the transported soils from the hills of the Chota 
Nagpur Plateau. ' _ 

The existing tracts of soils in north-west Orissa are quite 
heterogeneous. There seems to be a prominent influence of the 
rolling and undulating topography on soil characteristics. 

The soils are slightly acidic to neutral in reaction and the 
total soluble salts are fairly low. Ferruginous concretions are in¬ 
variably met with, whereas calcareous concretions are present only 
in a'few cases at lower depths of the profiles. 

In a typical red soil profile the total exchangeable bases _ is 
about 20 m.e., the SiOj-RjOg ratio of the clay fractions varies 
between 2 and 3, and the G-N ratio is near about 10. 

The soils of Raipur district (Chattisgarh area) are grouped 
into the following classes: 

Maiasv. Upland or level land soils, yellowi loam to clay loam 
and loamy clay yielding good paddy. 

I)orsa\ Soils along the slopes, somewhat darker; same texture 
as above; good paddy lands. 

Kanhur: Lowland soils, dark, slightly heavier than the above; 
paddy the main crop; wheat also grown. 

Shate; Barren waste lands with gravel and sandy reddish- 
yellow; usually in uplands. 
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A part ot Jhansi district (Uttar Pradesh) cwiijiriw.'.s red .soils, 
These are of two types: Farm, a. brownish-grey soife varyim; fituii 
good loam and sandy or clayey loam, and rakur, llie Hue lud soil 
generally not useful for cultivation. 

In the Iclcngana Division of Andhra I’rade.'-li Imth red and 
black soils predominati’. The red soii,s or cknlk/n an; sandy loam 
•located at higher levels and are utilized for cultivation of khitril 
crops. ' 

Another tyjae of soil occurring in Andhra Pradesh i.s locally 
known an dubba. It is loamy ,smui or very coarse .sandy loam mid 

‘'^dclish-brown patclu« Iierl iuld 
there, clay content quite low (Ie,<i.s th.an 10 per cent) ami verv low 

tent. I he content of organic matter is little to negligible, Tlic soils 
are severely eroded with surface soil depth below 12.7 cm and 
very often covered with multisized gravels and cobbles, Beiiw 

loped on the suinrmt.s of the Deccan Hills, Central Imlia Midiiv't 

tlm Rajmahal Hills, the Eastern Si,3 

of Ou,s.sa, Maharashtra, Malabar and Assam, This is found to de. 

and altoming S n £ 
periods, .liie latenie and laleritic soils are characterize, w A 

S'S r, ‘3 

VI , c of (ilumiiiiut i ami Iron 

"''“iVif 'h' “r 

”"Tn" Sr'''”'' 

Kamm; £',£ S'Kil’S 
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abounds in large quantities. Inese aie i 

““hSVtwn the b.«cl seti«t conAting ot ^Jy soil 
•nd sindy loams tmd the extern 

plantation soils, the mainland contains residual lateiite. inis js Poor 
i; «; and milable Pp, mtd OaO. Latent. ” 

is found to the east of the alluvial areas m Trichur, Talapalli md 
■Mukundapuram taluks. SoU is naostly 

The ntagen ' 7 . ' ’ T eTarte SK 

and the magnesium is 0.11-U.45 Pf ^ ' ^ Kadur and 

Mysore occur in the western parts of Shimoga, J ““ 

Mysore districts. All the soils are comparable to the latentes and 
to the similar formations found in Malabar, Nilgiris, etcL These 
soils are very low in bases, like lime, due to severe leaching ana 
eSrion ThLe are poor in P,0, The pH is not as low as that 

in the plantation soils. „ , i a m 

In West Bengal the area between the Damodar and t it, iiha- 
girathi is interspersed with some basaltic and granitic hills with 
laterite capping. Bankura district is known to be ocated in the 
laterite soils zone. The SiO^-AiPa ratio of the clay fraction is 

quite high. The percentage of K,0, 4“’° 

showing considerable leaching and washing out of these sub.stances 
due to chemical weathering. The .soils of Burdwan are m all res¬ 
pects similar to the Birbhum and Bankura soils with one or two 
exceptions. The high value of the Si0„-Al20_.j ratio is significant. 

In Bihar laterite occurs principally as a cap on the higher 
plateau but is also found in some valleys in fair thickness. 

The laterites of Orissa are found largely capping the hills arid 
plateau occasionally in considerable thickne.ss. _ Large areas in 
Khurda are occupied by laterites. At Balasore it is gravelly and 
appears to be detrital. Raychaudhuri and co-workers recognized 
two types of laterites in Orissa, the laterite murrum and the late¬ 
rite rock. They may occur together. 

Black cotton soils. These soils cover a large area throughout 
the southern half‘of the peninsula, the Deccan Plateau, greater 
part of Maharashtra State, western parts of Madhya Pradesh and 
Andhra Pradesh, and some parts of Tamil Nadu, including the 
districts of Ramnad and Tinnevelly. The black soils or regur in¬ 
clude a large number of physiographic regions, each within a 
zone having its own combination of soils. These soils may be divided 
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into three groups: (i) deep and heavy; (iij nuidium and liglit: and 
(iii) those in the valleys of rivers flowing through riigur urea. 

The main features of the black soils arc: (i) depth nuc p) 
two to several in deep; (ii) loamy to clayey in texliii'': fiiil 
cracking heavily in summer, the cracks reaching up to nion! th;i{i 
3 to 4 ra in _depth, especially in the casf) of heavy clays; 
and (iv) containing lime kankar and free carhoiuites (mostly 
CaCO;,) mixed with the .soil at some depths. Tlmsu soils ari! oflc-u 
rich in montmorilllonitic and beidiite, group of mincrfils, and arc 
usually suitable for the cotton cultivation. Tlmy an* griwjally dv. 
filient in nitrogen, pho.sphoric acid and organic imilti'r; pohcds 
and brae are usually .sufficient, The content of waier-.hiilnhle 'iait*; 
hs high, but the investigations carried out in ('(mnet;l! 0 !i with 
1 iingabhadra and Nizarnsa.gar projects have .sliown ilmt these .‘iiiil- 
may be irrigated without any danger, if ini.gation is cariieii mit on 
sound lines, 

Though the black soil has no di.st:im;£ demarcalioii of hoiizoir' 
between the uiiweatliered parent maleriid and the wealliercd muI, 
th(;_soil profile may be .said to po,sst;ss appro.xirnately three print'iiial 
horizon,s A, B and C; the alluvial or A horizon heing iirediniiiniinf 
and of two types, namely, darker with high orgniiic, jmiller ten 
tent and lighter. The zone of accumulation of carhonales (CjitK l, ] 
and sulphates (chiefly CnSO„) may be taken a,s the II or ;il|„vi:d 
horizon In regions of fairly hi,gh and evenly distrilmted rainhdl the 
zone of carbonate accumulation l,s foinul deeper in the proliie mul 
sometime.s incorporated with horizon C. 

The occurrence of black and red .soils in cIofo pro,*<1111111' L (mite 
common in India. In Bombay .soils dcrivmi from the Dw.’cau trap 
occupy quite a large area. On the uplands and on the slone!, ihc 
black soils are light coloured, thin and poor; and on the iowliiiid- 
amt the valleys they are deep and relatively clayey, Ajuii.? ih,. 
Ohats the sods are very coarse and gravelly. In tlu* I'ldleys of ill,- 
Tapt), the Nanrmda, tlie Godavari utul the Krishiiii he.tvy lil,,i(')i 
■wil IS often 6 m deep. The subsoil contains good di-al tif limt;, 
uutsicie the doccan trap the black cotton soils iiredominati* in .Sur.ji 
and Broach dwtricls. Degraded solonlzed black soils, locally known 
as chopan, occur a ong the canal zones in the Bomlwy Deccan, 

of black soil priifiles have heiui examined in Ttmii! 
iNaciu, t hey ate either deep or sha low and may or may not riiiii iin 

chsiinguishecl. (i) shallow with gy]»ura, (li) shallow wiiliwil 
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OTsum, (iii) deep with gypsum, and (iv) deep without gypsum. 
The shallow profiles are 3 to 4 m deep, often with partially wea- 
thered rock rnaterial even at a depth of 0,5-'1.0 m; the deep ones 
extend even up to 3.0 m or more. 

The black soils are very heavy, contain 65-80 per cent of 
finer fractions, have high pH (8.5-9.0} and are rich in lime 
(5-7 per, cent); they have low permeability, high values of hygros¬ 
copic coefficient, pore-space, maximum water-holding capacity and 
true specific gravity, They are low in nitrogen but contain suffi¬ 
cient potash and They have generally a high base status 

and high base exchange capacity (40-60; meg) y about 10-13 .per 
cent iron content, and the CaO and MgO contents are formed 
from a variety of rocks, including'traps, granites and gneisses. 

In Madhya Pradesh the black soils are either deep and heavy 
('tOvering- the Narmada Valley) or shallow (in the districts of Nimar, 
Wardha, west of Nagpur, Saugar and Jabalpur). The cotton-grow- 
mg areas are mainly covered by the deep heavy black soils which, 
Jipwever, gradually change in coldur from deep-black to light, The 
GaCOg content increases with the depth, Clay content is 35-50 per 
cent, the organic matter is low and SiOg-RgO,, ratio is 3-3,5. 

■ The black soils of Mysore are farly heavy with high salt con¬ 
centration, and rich in lime and magnesia. The SiOg^RgOg ratio 
of clay fraction is 3.6. 

, Alluvial soils. The so-called alluvial soils of India form an 
ill-defined group. Various types of alluvium are classed as alluvial, 
e.g., calcareous soils, saline and alkali soils, and coastal soils. 

The alluvial soils occur mainly in the southern, north-western 
and north-eastern parts of India: the Punjab, Uttar Pradesh, Bihar, 
vvest Bengal,^ parts of Assam, Orissa^ and coastal regions of southern 
India including, the local deltaic alluvia. These soils are the most 
fertile, amongsj the Indian soils, The whole of the Indo-Gangetic 
plain isi in this alluvial area of 777,000 km^. These soils are very 
tieep,^deeper than ^90 m at some places, and deficient in nitrogen 
and, humus, occasionally in phosphoric acid but not generally in 
potash and lime. They produce a variety of crops, including rice, 
wheat and sugarcane. They may be sub-divided into two broad 
groups, the old and the new; both are geological groupings. The 
fonner, _ locally called bancor, represents reddish-brown, sandy 
Ibains with increasing content of clay in the lower horizons; the 
latter, knoym as Ahadar, represents the fairly coarse sand on the 
chars and banks of the river to the soils of very fine texture in 
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the low-lying mphy tracts, The old alluviiuii, reddisii in cfiifint, 
acid in nitrogen and humus, and occ,;isioij;illy in pfKi.spimiic 

I he large (ixpanse of l]ie.s(; soils is yelimvish to mid 

their tommon feature is the presence of kankr or Jiim: mnlulr^ in- 
tenmxed with soil at varying depths. They viiiv from sandy him 
to clayey loam. Iho sulisuil Dnca.sionally ha-, caiiimvwis re.nhon. 
tip n differentiation into tlin various horizons and 

'^^‘‘^‘■''“^terized by the absence of Mr,itiliri.lir,ii. 

brL; 7iri;r n varying from yellow |S,dd 

Drown, Die intensity of colour increu.sing with the dr-iiih. 

iuid lii;i,i 

h-emLo 1, f On Iligiier ,( 

n Uttai Iradesh and Bihar are of tlie above pattern, 
of In£? Pvr DeiU of tin:* total .mt,! 

rived from 

welnce of f ^ ^ ‘^on.iiiioiK with 

Which '* .. 

reviom sub-Himalaynn tract comtuias thtfc 

thf Dlainf P?'"'"’ 'ra»i«‘-li^dely below tlm Inili, /cm/ 1 Kl 

iodsols Tnd t fonst 51 

served' in tin E podsols, and wksmbodm have been cib. 

c’hl 3 milowrii;:. stit Th 

» minor an,i.i« o( lime, or ki i, 

M«e pinfand"!;) I' ifi 1,'='°®!“ >P™“- 

differences, nrobablv rlim v! hnl. ° significant 
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the first layer. Thest; diffarcuces arc brought out in the high degree 
of saturation of various horizons. 

The weathering of inetamorphic rocks in Coorg has produced 
very fertile deep surface soil which annually receives the decom¬ 
position products of the virgin forest. The areas towards the we.st 
are for the greater part reserved forests and mountain areas. The 
land surface' has a lateritc bed, i.s easily drained and is full of 
pebbles. 

In Nilambiir the soils which do not grow teak are more clayey, 
contain more MnO and possess a lower SiC-).rRj,0.j ratio j this 
makes it suitable for teak plantation. 

The cinchona-growing .soils of West Bengal resemble brown 
earths. Their surface layer consists of well-decompo.scd huinu.s and 
mineral soil which shades off gradually, at varying depths, into 
the colour of the parent rock. This soil is strongly acidic; in reac¬ 
tion. Their high base; exchange ca]]iicity is due to the high organic 
matter content. Watcr-solublci mangaucse is present in appreciable 
amount. 

i)e.sert soils. A large part of the arid region Ireloiiging to 
Rajasthan and the south Punjab, lying between the Indus and the 
Aravallis, is affected by dcrscirt conditions of recent geological 
origin. This part is ccovercd under a mantle of blown sand which 
inhibits the growth of soils. 

The Rajasthiiu desert proper (area about 103,600 kni*^), 
owing to its physiographic condition,s receives no rain though lying 
in the tract of the south-west monsoon. Some of the desert soils 
contain high percentage of soluble salts, high pH, low lo.5,s on igni¬ 
tion, varying' pcrccmtage of calcium carbonate and poor organic , 
matter, the limiting factor being mainly water. The soils could be ' 
reclaimed if proper facilities for irrigation are available, 

Saline and alkaline soils. The (H.stribution of saline and 
alkaline soils i^ extensive throughout India in aH'climatic zones. 
Many parts of the north especially Bihar, Uttar Pradesh, the 
Punjab and Rajasthan, give rise to saline and alkaline efflorescence 
in the same way as the soils capping the Upper Tertiary rocks, 
There are many yet imdecomposed mineral fragments in these 
alluvial clays and silts, which, on weathering, liberate sodium, 
magnesium and calcium salts. Large areas, once fertile and popu¬ 
lous, have become impregnated with these salts locally known as 
re/i or kalkr with highly deleterious effectsi on their fitness for 
cultivation, The injurious salts are confined to the top layers of 
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; the soil.s, whidi are diarged by capillary triinsfereuce of .saline 

.solutions from the lower layers. This transference is facilitated in 
lands irrigated l>y canal waters, 

i _ Reh is a mixture of carbonate, sulphate and diloride of so¬ 

dium, and .some other .salts of calcium and nuigncwinm. It is ahf» 
I introduced by rivens and canals, The water of tlie great nlliivial 

! plains which are without any underground dminagn Ijecniiie cun- 

j centrated with salts, Capillary action during the .summw' months 

i brings them to the surface where they form ;i white dllore,scent 

crust. 

It ha.s been e.stiinated that Ii0,96(), liectanis of land in die 
Punjab have been ulfeetud by tisar and 10,12(1 hectares are being 
added every year, Methods of n'dnmtition based on irrigatiftn. 
application of lime or g]/p.sum, where nece.s.sary, and growtli of 
salt-re.sistant erop,s like rice, berseem and sugarcane liave lieeii 
suggested. In ca.ses of badly damaged alkali patches, tieaUueiit 
i with .sulphur or gypsum accompanied by adequate watering luis 

I led to steady improvement in the soil, and suc;ces.sful crops luu'e 

j been raised. 

j _ Thu soils of I-Iardoi, Lucknow and Kanpur districts arc dmrac- 

I terized by very high pH values and by almost complete aliseaci; 

I of gypsum due to restricted internal drainage Soii.s appear in be 

■j the carbonate chloride type of saline-alkali in contrast In .snil-s, of 

; more arid localities of temperate climates, 

I , The alkaline soils of Unnao district are of three types: (o) 

immature .salty alkaline; (b) salty alkaline, without ti zone of 
GaCO., accumulation and with a zone of CaCO^ aceunuiltUioii, ■ 
and (c) degraded .salty alkali. This alkalinity is due to clownwaRl 
' leaching of salty solution arising primarily from .soil deeonipo,si" 

! tion. 

Alkali .soils are met with all over the states of Gujarat and 
; Maharashtra, but badly affected lands are found in Gujarat, Kar- 

natak and the Deccan. 

i Such soils show high content of exchangeable monovalent 

I bases and magnesium with a predominance of chlorides, amount- , 

ing to more than 50 per cent, Reclamation of tlie.se lands by, 
bunding and leaching of soluble salts is possible, 

■j Portions of Dharwar district and Bijapur taluk are affected 

i by what is locally known os kari soils, which are saline-alkaline. 

I fairly deep and clayey, The salt lands of the Nira Valley have 

j developed as a result of exce.ssivp irrigation git'en to the deep black 

■T 
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soils of the locality. In these soils two groups of profiles, one 
resembling steppee albli soils and the other the solonetz, might 
be distinguished, 

The soils of Delhi State have one of these pedogenic groups: 
(a) saline (mostly in the khadat area]; and {b) saline-alkali, with 
kankar formation (mostly in dnbar and bandar areas, and in 
depression of khadar areas). 

Peaty and marshy .soils. Peaty soils originate in humid 
regions as a result of accumulation of large amount.? of organic 
matter in the soil. They may also contain considerable amounts of 
soluble salts. They are found in Kerala. They are generally sub¬ 
merged under water during the monsoon. After the rains these are 
put under paddy cultivation. Soils are black, heavy and highly 
acidic, with pH as low as .3.9,_ and contain 10-40 per cent of 
organic matter. Their acidity is duo to the decomposition of 
organic matter under anaerobic conditions, and no nitrification is 
po.s5ible. Sometimes the soils contain ferrous and aluminium sul¬ 
phates. 

The depressions formed by dried river-basins and lakes in 
alluvial and coastal areas sometimes give rise to peculiar water¬ 
logged and anaerobic conditions of the soils. The soils of these 
places are gencrnlly blue due to the presence of ferrous iron 
and contain vaiying amounts of organic matter. Marshy soils of 
this type are found in the coastal tracts of Orissa, the Sunderbans 
and .soirie places in Bengal, central portion of north Bihar, Almora 
district of Uttar Pradesh, and south-ea.st coast of Tamil Nadu, 



CHAPTER III 

green manure 
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manure crops in increasing 
effect of green manure on 
Indian agriculture. 


the yield of subsequent crops and the 
soil properties and its place in modern 


gkeen manure crops 


Some common green manure crops are described briefly in 
the following pages. 

Sunnhemp, Crotalaria juncca: It is the most common 
green manure crop in India, It is used as a green raaiuire m prac- 
tically all the states of the Indian Union the exception being areas 
prone to waterlogging. It is sown with the breiik of the monsoon. 
It grows very fast and attains a height of 1-2 metres. It grows 
well even on poor soils, The plant contains a large proportion of 
herbage and does not become woody^anon; hence, it is rapidly de- 
composibie on being ploughed in. About 20,000 to 25,000 kg of 
green matter can be obtained from a hectare m a duration of eight 
weeks, In addition to being a valuable green-manure crop it 
furnishes fibre of fair strength. 

Wild sunnhemp, Crotalaria mucronala (Syii. C. striata), is a 
useful green-manure crop for coconut gardens. It grows wild 
in waste and uncultivated lands in almost all the major coconut 
tracts in India. It is hardy and herbaceous, and grows to the 
height of 1.5 metres or more under favourable conditions, It, 
thrives in a variety of soils, including slightly .saline onc.s when 
well established it can withstand extremes of rainfall and drought. 
It bushes out well under coconut ^shades. It is not relished by 
cattle and even goats. It is promising at Cuttack (Orissa). In 
Mysore and Ceylon this plant has been used as a mulch in tea> 
coffee and rubber estates. 


Crotalaria anagyroides is an introduction from Ceylon. The 
plant is a branching shrub, attaining a height of 2,3 metre,s. In 
Bombay it was tried as a cover plant and as green manure in coco¬ 
nut estates. 

Dhaincha, Sesbania bispinosa (Syn. 5, aculeata ): As a green 
manure crop, dhaincha is known to stand waterlogging and saline 
conations very well. It can also tolerate drought if the germina¬ 
tion has been good. It is an ideal green manure crop for rice- 
growing soils. In waterlogged fields it grows to a height of 
i,5-1.8 m in a very short time. The resistance of the crop to 
waterlogging could be appreciated by the fact that the dhaincha 





crop, both at Etawaii and Achalda in Uttar IVaclesh, stirvivctl evim 
after being subitiergecl to a depth of about 0,(i m for a week. IhiS 
crop also grows on alkaline soils and is thus uBcd in their redama- 
tion. 

Sesbania speciosa-. In recent yms^Sesbma speciosit iiaH been 
impularizcd as green manure crop in 'rainil Nadu, whera it wi« 
introduced in 1935-36. It can be grown^ in iha itnddy fields along 
with the bunds and incorporated in llui .soil four to five iiittiiflis utter 
harvest. This plant is not only drought-rc.sistant but taui also with- 
■stand prolonged submergence. It has a slow growth in llie early 
stages and after a month it grows faster if moisture is available, 
in the soil. At Samlwlpiir (Orissa), it was foiaul to be more 
succulent and to withstand drought conditions better tliati Sesbania 
aculeata. But its rate of growth was slower. A iiercnnial shrub, 
Sesbania seshan (Syii. S, aegypdaca) is also used for green-leaf 
manuring, 

Mung, Phaseolus aureus (Syn. P. mifngo): This is an ttrimiai 
herbaceous plant cultivated mainly forp:!diI)le seeds, Mung ‘lypt’-I 
is a short-duration crop maturing within 60-70 days, If sown with 
the break of the monsoon, i.e., by the first week (,)f .July, it miitures 
by the first week of September enabling two picking,s of the ripe 
pods and yields on a modest average T-4 (j of .seed per liectarc, 
The entire crop, after picking the pod.s, is .succiiltait enough to be 
tunied under as ii green manure for wheat, Ifiilike other green 
manure crops it does not require the use of lieavy .soil-turning 
plough. An average farmer with .small bullocks can ii.asily turn 
it in. 

Pillipesara, Phaseolus trilohus'. Tills is cnmparutively a new 
grcnn-mamire crop, but is now wiclidy used hi Tamil Nadu and 
Andhra Prade.sh. It i.s also a minor pulse crop and it.s seed is 
edible. Because of the creeping iiml .spreading habit, Pillipmrd 
afford.s a good coyer and thereby prevents weeds from coming up. 
It ^grows fast and can be easily ploughed in. It al.so dccompOMs 
quickly. It can be grown either in a standing rice ('roji in autumn 
or winter, or after ploughing the .soil in .summer. PiUipesartt leaves 
are relished by cattle, and hence can be grown as foddewaitn-green 
manure crop. 

Among the other kharif pulses belonging to the genus 
Phaseolus, moth (P. aconitifolius) and urid (/'. rnungo) are used 
as green manure to a limited exKmt, 
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Wild indigo, Tephmia purpurea: It is a hardy and drought- 
resiatant green manure crop, Its use is now confined to south 
India. Because of the extremely slow growth it is an ideal green 
manure for single-crop rice areas, where the land remains fallow 
for nearly six months in a year. It is always sown in the stand¬ 
ing rice crop, just before the water is let off the field for the last 
time. The crop is ploughed in when it has formed some seeds 
which remain dormant in the soil. Once a good crop is esta¬ 
blished, it is not necessary to sow the seeds again, as the self-sown 
seeds would give a satisfactory crop. It can also be sown mixed 
with pulse crops following rice so that after the pulse crops are 
harvested the plants are available for green-manuring. 

Guar, CyamopsU tetragonoloba: Guar is used as a green 
manure crop in the dry and low-rainfall areas of north-westem 
This plant grows even on poor soils and makes very good 
fodder. Gowpea, another fodder crop which grows on all soils, is 
highly promising as a green manure crop. This crop can either be 
grown during kharif or after the harvest of wheat during summer. 
Other leguminous plants such as kulthi {Dolichos biplorus) and 
lupins are used to a certain extent as green manures. 


GREEN-LEAF MANURING 

Many types of leguminous and non-leguminous plants are 
grown on bunds or wastelands for the purpose of utilizing their 
foliage as peen manure. 

Gliricida maculata: This plant comes up well on most types 
of^ soils. Under certain climates it grows to a height of about 
4.J m. During a year two cuttings can be taken, first at the lie- 
of tliG monsoon flnd the second in DccsnibGr* The ohser* 
vations made in Andhra Pradesh .show that it contains (on fre.qh 
basis) 8,5 per cent carbon and 0.49 per cent nitrogen. The yield 
of leafy material per plant according to the observations taken at 
Cuttack was 22.5 kg after the tenth year, 

Pongamia glabra (Syn, P, pinnata): The average vield of 
green matter per tree is about 130 kg. It contains (on fresh basis) 
81.5 per cent moisture, 7.2 per cent carbon and 0.57 per cent 
nitrogen, ‘ 

Calotropis gigantea: This plant grows wild on fallow lands 
and road-sides in different soils and climatic region,s of the country 
Ihe leaves are quite succulent and the weight of green matter per 
plant IS about 5 kg. ^ 
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Tephrosia purpurea: It is freely bmiiching iiiul .siutunliiig 
annual .shrub found growing in fallow laiulH. It groW’. well (in 
well-drained loamy soil.s. The average yield of gromt matter per 
' plant is about 0.7 kg in Andhra Pradc.sii. 

Tephrosia Candida: This is an erect .shrub, resistant to pruU" 
ing, and is used extensively for green maiiiirin.g and a.s. a hedge. 
It is a shady plant and ,grow.s largely in tea gardens, The ayerago 
yield of leafy matter per plant is 2.5 kg from tiic lojjpings in the 
second year, 

Indigofera teysmanni: This plant i.s preferred to GHrieidia in 
Mysore and .some other areas. 

Cassia tora: The calculated yield reported from Andhra 
Pradesh was 4,000 kg per hectare. Studifs at Kanjmr showed that 
C. fistula gives still higlier yield of green leaves .'tnd twigs for list! 
in paddy fields, 

Sesbpiia speciosa: The practice of growing this lilaiit su'oiiiui 
the borders of the rice fields, when the crop is standitig, was in¬ 
vestigated for three years at Cuttack. On an aycragu it produce,s 
about 3,450 kg of green matter per hectare within four month,s for 
incorporation into the .soil for the use of the se{;ond crop of paddy 
in Januaiy. 

Iponma carnea (Syn. /. crassicaulis]: This is .mothrr im¬ 
portant plant which can bo grown under varied soil ,'ind clim.'itie 
conditions for green manuring. In the heavy-rainfall iireas its 
loppings can directly be used for green-leaf iminiiring, whereas in 
the dry areas it can be composted licfoni u,se, 

TECHNIQUES OF (iRJiEN-MANUIUNf; 

Green mamiring will yield rich dividmids only wimu [he cul- 
tura'l practices involved in the proccs.s ait clearly imdeistood, .Sow¬ 
ing of the green-manure crop will have to he so arruiiKed as to lairy 
it at a time when it furni,she,s it,s milrleiits to the siibsciiiiiait crop 
at the time the latter needs it. Thi,s would also hclii to clieck the 
loss of nutrients. 

Soil and cllniaie. Green-mamiri; crops can he .grown on any 
type of soil, provided there is sullicient rainfall or alterriittively irri¬ 
gation available. Poor sandy soils, in paiiiculur, bimdit mo,st by 
this practice. The heavy soils are also opened np with the incor¬ 
poration of the organic matter. Where annual prccipitalion is has 
than 65 cm and arrangement for cheap irrigation is ruA available, 
green mamiring sometimes becomes hazardous, 
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Sowing time. It is hard to recomnierid a particular sowing 
time for a vast country like Indiaj where climate differs from region 
to region, However, the crop should be sown .soon after the break 
of the monsoon. In northern India sowing may be undertaken 
from early June in Bihar, middle of June or later in Uttar Pra¬ 
desh, and July in the Punjab and Rajasthan. The best time for 
green-manuring in the case of sunnhemp, mid and dhaincha in 
Maharashtra is June or early July. The advantage of establishing 
the crop earlier than the onset of the monsoon is to resist damage 
from the heatw subsequent rains. 

Turning-in of the crop. In a short monsoon sea.son the 
material must be turned-in by the first week of August, Dhainclia 
crop is ready for turning-in when five-to six-week-old, Chawan and 
Patil in 1952 recommended 50-60 days for turning-in the entire 
crop of sunnhemp. In 1914, Hutchinson and Milligan found that 
four-to six-week-old plants are better than ten-week-old ones. In 
Mysore the flowering stage is the best time for turning-in the 
green manure crop. Sethi et ul, in 1938 reported that the 57-day- 
old crop of sunnhemp was the best in nitrogen accumulation. 

Decomposition of green manure. A host of micro-orga¬ 
nisms affect the complete disintegration of organic matter, lead¬ 
ing up to ammonification and, finally, nitrate production. The 
factors for complete decomposition are the varying moisture condi¬ 
tions of the soil. The desired results would follow if moisture con¬ 
tents are high in the beginning, leading to semi-anaerobic fermenta¬ 
tion of resistant material, and low afterwards for inducing aerobic 
condition, under which nitrification can take place. Thus cessation 
of the monsoon during early stages of decay largely accounts for 
loss of manurial effect on the succeeding crops. On the contrary, 
late and heavy rains tend to destroy the nitrates already formed 
Decomposition depends, among other factors, on moisture contents 
of the soil, composition of green matter and presence of available 
inorganic nutrients. 

The depth to which the green matter is ploughed in and ■ 
especially its proper incorporation into the soils is also important ' 
for quick decomposition. As a rule, in light soils the crops should 
be buried deeper than that in the heavy ones, 

The burying technique under dry-land'conditions‘differs from > 
that of wet-land. In the former, the green manutie crp.p j^.'plpHig^d 
in with a soil-inverting plough after felling the crop.' The plough¬ 
ing is done in the same direction as felling. Under wetdancl conpli- , 
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lions ploughing clone with tramplcr, like ihe Burmess Solan, will 
be more beneficial. The same will hold good in green-leaf manur¬ 
ing, The technique of green-manuring for paddy grown under wet¬ 
land conditions differs from that of wheat, as the decompo.sition 
is much quicker and easy in paddy than that in wheat. 

Most of the experimental results favour growing green ma¬ 
nure crop in situ for the purpose of turning-in, The advantage of 
growing the crop outside is to extend the practice on a larger 
scale without losing the crop season. 

The time lag between burying tlys green crop and sowing of 
the sub.sequent crop plays a very important part in the decomposi¬ 
tion of organic matter and in making nitrates, formed during the 
process, available to the following crop. Majority opinion favours 
a two-month interval for sunnhemp green-manuring. 

KESPONSE OF CROPS TO CUEEIV-MANURING 

Wheat. In 1965, Panse el al, summarized the experiments 
conducted in India on the rcitponse of wheat to green-manuring 


Table 3. Response of rice to green-manuring at the rate 
OF 5,604 koIha 


State 

Numlier of 
Research 

Number of 
Experiment,s 

Control 

Yield 

Standardized 

Response 


Stations 

(kg|ha) 

(kglha) 

Andhra Pradesh 

9 

86 

1,298 

; 285 

Assam 

3 

15 

1,191 

197 

Bihar 

10 

65 

1,266 

1.04 

Kerala 

1 

61 

1,290 

258 

Madhya Pradesh 

5 

60 

1,026 

186 

Mahara.shtra 

4 

17 

1,195 

257 

Mysore 

4 

32 

57 

1,203 

253 

Orissa 

3 

1,193 

225 

Tamil Nadu 

7 

146 

1,281 

304 

Uttar Pradesh 

j 

23 

1,087 

249 

West Bengal 

6 

21 , 

, }426 

. 273 

Total and overall 1 


... ^ 



average 

55 1 

583 

1,204 

236 
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under irrig.-itcd riritl unirrigafixl contliiions from tliH'cictif wlmat* 
growing Stutc.s of India, As the ttmouiit of grmm iriitum’ luincd in 
the .soil in these (jxjmrimtaits varied they .sfandlirilizcd ili«- itsiiofise 
to the application of .5,600 kgjfia green matter using iiitiWipi'i.itcs 
response curve,s. 'J’his^ compilation oilers an oitjiofiiinily (n f onifwre 
the re,spon,sc.s from different Slates under irrigatifd amt luiirtigatcc! 
conditions (TabJe 2). 

Tjio data pre.sented in Table 2 show that while midci infg.tlfd 
conditions tlic response to grecn-iriaiiiiriiig wa.i it ^v.is 

not .so under unirrigatocl conditions. 

^ Ki(!<f. Re,spouse of paddy to green-manuring is Mmim.mis'ia! 

in Table 3. 

On an average there is a resjmn.se of 230 kgilm. Excrqu for 
Bihar, other re.sponsR 3 did not .show any appreciable tlilTcrejiro 
from State to State, Howeverj in Andhra Pradah and Tamil Nadu 
responses were somewhat bigger. One of the probable reawis 
for the low^rusponsfi in Bihar i.s that rice there is grown tinder 
rainfed conditioas and the rainfall is not adequate to provide suffi¬ 
cient) quantity of green manure or for its subsequent deeoinpfwi- 
tion. 

Sugarcane. Data_ from 43 experimcni,s conducted in Uttar 
Pradesh and the Punjab to study the response t)f .siigiircarift to 
green manure were availnblic The n:.siill.s arc .shown in Tithh* 4. 


Table 4. Re.sponse of .suoarcane to oiHiKN ka.nurh at tuk 
KATE OF 5.604 KgIuA 


State 

Number of 

Re.six:irch 

Stations 

Number of 
Experiments 

Control Yield 
(Uuiiicsllia) 

Punjab 

1 

.5 

38 

. 

37.66 1 

Uttar Prade.sh j 

7 

48!76 

Total and over¬ 
all average 

1 

' 1 

43 

1 

. 43,21 I 

■i 


Rcspimst! to 
ircim Manure 
(NiitC'ilha) 


f),(i2 

(i.lO 


7,B6 


. Thf! method 
wa.s in situ in 
was sunnhemp, 


ethocl of appliation of green mamire to -.iig;n,’iiiie 
In ‘;<'i‘um.uily tiwt! green itiamiw 

.mp, Gioen manure,s like dhainrJiti, gtir/r, lobii, 
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pea (Pisum sativum, Syn, P, arvensc), methi {Trigonella foenum- 
graemn), Senji {Melilotus indica, kSyn. M, parviflora) were also 
usei The average response of sugarcane to green' manuring at 
the rate of 5,604' kg per hectare was 7,9 tonnes per hectare. 

Only in Uttar Prade,sh, there were adequate number of experi¬ 
ments. In both the States, there were good responses to green 
manuring. 


Table 5. Response of cotton to green manure at the 
RATE OF 5,604 Kg|hA 


State 

Number of 
Research 
Stations 

Number of 
Experiments 

Control 

Yield 

(kg|lm) 

i 

Response to 
Green 
Manure in 
(kg ha 
kapas) 


(a) Irrigated cotton 


Gujarat 

1 

3 

424 

12 

Maharashtra 

1 

1 

2,641 

—15 

Mysore 

2 

6 

481 

114 

Tamil Nadu 

1 

1 

361 

522 

Overall average 





and total 

5 1 

11 

977 

158 


(b) Unirrigatecl cotton 


Gujarat 

2 

17 

428 

40 

Madhya Pradesh 

1 

5 

582 

84 

Maharashtra 

8 

39 

823 

(-) 63 

Overall average 




. 

and total 

11 

61 

611 

20 


Cotton, Results of 61 experiments on unirrigatecl cotton and 
11 on irrigated cotton were available, The data are presented in 
Table 5, 


green MANI'KF, 


In almost all the experiments on unirrigatecl cotton, th(!_ siimi' 
hemp and urid were grown along with it and incorporated in sitn 
one month after sowing of cotton. On an averagf!, thine was a 
depression in yield in Maharashtra. The response m Mridhyti 
Pradesh and Gujarat wa.s small and the average re-sponse is re¬ 
latively low. 

Very few experiments on irrigated cotton wei'o ciindunted at 
Coimbatore in Tamil Nadu, iSiniguppa and Mandya in My.sore, 
Halwad in Gujarat, and Poona in Maharashtm, imnbv.mp and 
dhaincha were the green mamire.s used in mo,st of llie _i;xf)i!iinicuts, 
The variation in response from State to^ State is ciiiite Ifirgjt, In 
Tamil Nadu the results arc based on .single, ii.xperiineiit. llien* 
was a moderate response of 114 kg|ha in My.sore, when-as in 
Maharashtra and Gujarat there was no response. 

On the whole, green manuring of cotton docs not give iiiiy 
appreciable rc.spon.se, On the contrary there is a risk of dcfii'essiori 
in yield. This is owing to the green-manure crop cpmiieting for 


Table 6. Rilsponse of potati,,i to oueen manuke AT the 
RATE OF 5,6U4 Kojl-IA 


State 

Number of 
Research 
Stations 

Number of 
Experiimnits 

Control Yield 
(kglha) 

Rcfipori.si,* to 
IGreeii Maimre 
fk!!;h:i) 


(a) Irrigated potato 


We.st Bengiil 

2 

' 2 

9,087 

{--} 1,307 


(b) Unirrigated potato 


Bihar 

1 

4 

16,,334 

{^) 1,4.57 

Tamil Nadu 

1 

12 

11,4(M 

4(12 

West Bengal 

3 

3 

11,893 

3,224 

Overall average! 
and total* 

5 

19 1 

13,210 

(---) ^ 455^ 


*For unirrigated potato. 
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moisture-and soil nutrients with cotton during its growtli and de¬ 
0 experiments on unirrigated potato and 

2 on irugated potato were available. In most of the experiments 
gieeri inaniip was grown in situ and applied. 

^ For imimgated potato the limited data available show large 
fsponse; there was insignificant response in Bihar, 
whereas the yield decreased in West Bengal. 

RESIDUAL AND CUMULATIVE RESPON^ TO 
GREEN MANURE 

Some experiments on paddy, wheat and sugarcane give iiidica- 
tion of the residual re,spouse to green manuring, They have been 
discussed by Panse e; al,, in 1965. By and large, these responses 
are poor and mostly last only for a year. The Pusa Permanent 
Manurial l rial started in 1908 provides an opportunity to study 
the cumulative effect of the green manuring on the yield of crop, 
/^nnn nrn^\ pi’eseiited data on the total yield obtained durinci 
(1908-1962) and rte yield trends during (1930-1962) for all 
rotational crops. The data very clearly indicate that tiiere was no 
cumulative eflect of green-manuring in sub-tropical climate,. Similar 
results have been obtained from other tropical countries. The 
eflect of green manuring on soils discussed in the latter part of 
this chajiter also leads us to a similar conclusion. 

COMPONENTS OF GREEN MANURING 

Singh in 1967 indicated a basis for apportioning the gains 
from ^een-nianiii'iiig over the yield of the same crop after fallow to 

‘1:' ‘green matter 

effect, on thfi .yield of sugarcane, wheat and other crop.s 
grown after the following treatments were collected from the results 
of the experiments carried out in different parts of India' 

(i) Monsoon fallow; 

(ii) Green rnanuring with sunnhemp (Crotolark juncea) for 

{Cyamopsis tctmgonoloba), dhJncha 
(Aei&iffiw bupinosa) or sunnhemp, for wheat for assessing the over¬ 
all effect of green-manuring, 

but all the above-ground 

parts removed for assessing legume effect; and ® 

Uv) Plots kept fallow in the mon.sooii and green material 

UO 




from treatment No. (iii) ploughed in for assessing .gt'cen multiT 
effect. 

These data show thiit the ‘le.gmnc effect’ and ilie ,(;rd,;ii iiiatter 
effect’ each are resixirisilile for about half the overai! irom 

green-manuring. 

Data on paddy also gave similar iiidicatinie-. Iliese data 
show that introduction of other le.guiiies for fodder in pl.u'e of ,i;rei:ii 
manure and application of inorganic nitna(en to die iimin cioji 
will bo more reinuiicriitivc in .sugarcane and wheat rotation. 

ADDITION OF NITROGEN THROUGH GREEN MANURE 

The bacteria living in the root nodules of plants u.o: lim eiieiey 
from their host plant. With tliis energy they lake in nitroeeti hmu 
the air and build up complex comiioimds. .Some <»1 die-e emm 
pounds are passed on to the host plant, but a good part oi ihem is 
left in the root ti.ssue.s of the ploughed nodules, Tliese ctimptumris 
later appear in the form of mineral compounds of nitmgeji, 
ammoniacal compound.s and nitrates, due to the action of oilnr 
bacteria in the soil. 

The amount of nitrogen fixation depeiulM upon tlm li.iture of 
the soil and the legume in a sandy soil, a well-iiiuciilatful iegmmr 
will fix mo,St of its nitrogen in .soils with high oigaitic matter, llifr 
legumes may obtain as much as half of their nitrogen from the soib 

On a given .soil type the amount of legume gioivtli iittd tlm 
nitrogen fixed depend upon how well the soil , is supplied with 
phosphorus, potassium and other niitrieius. 

As^a rule, legumes contain 2..5 to 3 per cent iiiliogen ctn oven 
dry basis, The roots of annual lcgumc.s may contain fi'tiin 5 to 20 
per cent of the nitrogen found in entire pkint. 

Table 7. Amount of nitrooen contaim:!) in .sLM.mt.n 

CROmS IN GOOD OROWni 


N content 
(kgihu). 


Senji 

Guar 

Lobia 

Dhainclia 

Moong 
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EFFECT OF GREEN MANURE ON SOILS 

Not much work has been done on this aspect of green-manuring 
in India. Therefore, data from other tropical countries has also 
been considered to elucidate the effect of this practice on soils. 

Soil structure. There is a certain amount of vagueness on 
the effect of green-manuring on soil structure. There is no con¬ 
vincing evidence that organics have improved soil structure in India. 
To form structural aggregates, the individual units of soil separate, 
e.g., sand, silt and clay, have to be bound and then stabilized. The 
clay separate is the principal binding agent, and organic matter in 
a.ssociation with divalent (primarily calcium) and trivalent cations 
is the principal stabilizing agent. No one has as yet shown that 
organic matter itself can play the part of a binding agent in soil 
structure formation, Martin in 1946, working in Uganda, reported 
no improvement in soil structure by green manures with or without 
lime and that under tropical conditions the organic matter is 
“oxidized or otherwise disposed of before it can be decomposed 
to colloidal dimensions”. 

Materials that are resistant to decomposition will have little, 
if any, effect upon the size distribution of aggregates, but will be 
effective over a longer period by mechanically loo.sening the .soil. 
Browning and Milam in 1944 reported that in sandy soils, where 
the amount of silt and clay in proportion to the sand is often very 
small to produce other than a single-grained structure, the appli¬ 
cation of organic material will have little effect on aggregation of 


Table 8. Some physical properties of soil 

(EXrRE,SSED ON OVEN DRY liASLS)* 


Treatments 

Bulk density 
g|co 

Water-holdifig 

capacity 

_ ,,(%) . 

Moisture 

equivalent 

(%) 

Permeability 

(cclhr) 

0, ! 

1.72 

t 34.3 

19.1 

1 0.82 

NPK j 

1.74 

■.35,2 

22.0 

0.75 

Green | 



manure | 





+p ! 

1.68 

36.7 

20.0 

0.85 


* Biswas et al, 1962 
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the soil The ()b.scn’ations that green manuring liii“i imiHovi'd tiu’ 
structure of the sandy soils in Kapurthala ai'itl sandy soils ot 
Brucepur, Layallpiir, are not exactly structural iui])rf.)Vcmi‘tils. Sand 
grains bound by some ever-present glue-like siilwtanens in tli'cntri- 
position of organic matter have pcrhap.s berm re.s|)finsiltl«‘ for th*' 
apparent improvement of structure, but those li.'ivn lurt bmughl 
about .soil aggregation, This becomes veiy clear front the diit.-i f»l 
Pusa Permanent Mariurial Trial, started in 1908 on alluvial calc;!' 
reous sandy loam soils under unirrigatecl conditionfs. Data on Inilk 
density, water-holding capacity, moisture equivahint, iJiiTriealdlity 
of .surface .soils collected from control, phosphaled green niauiiie 
and pundy inorganically fertilized plots (NPK) tin; qiven iii 
Tabic 8, 

Thus after more than 50 years of green-rnainiring llir'ie is 
no appreciable change in the bulk clemsity of the .‘^oil and_walt'r> 
holding capacity. Hygroscopic moisture perceiitage, winch is 
an indication of the capillarity of the soil, has also not iiHTcaseil, 

Soil moisture. Organic colloid.s have a very’ high walnr-rc- 
tention capacity anti can_ markedly increase the field eaiJiifity of 
mineral soils, The organic matter added in green intiittn't ’,'1 dees 
not have_ colloidal dimensions. As a matter of fact, in warmer 
climates it burns out so rapidly that, the .soil is onrielied otily 
in .salts left behind. Not many critical ^xpcrinienls liave been cmi- 
ducted in this country to a,sse.ss the effect of green iinu)im‘.s tut 
the field moi.sture capacity or infiltration captieily of .‘afils. 

Table 9. Cumulative hffect of GHREN-MA.NtutiNfi 
ON moisture relation of .soir.s 




Water retention 

Moistiin* 

Treatments 

IjlO atm 

3 atm 

1.5 atm. 

Mygroseopic 


(%) 

(%) 

(%) 

(%) 

0 

23.8 

18.1 

2.4 

0.83 

NPK 

24.1 

19.8 

3.9 

1.40 

Green manure 





+ P .. j 

1 

24.4 

17.6 

3.1 

1.02 
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Lander et al, in 1923 studied the effect of green-manuring 
with a legume and a non-legume on saiidy and stiff soils and 
reported that the addition of green manures to sandy soils in¬ 
creased the water-holding capacity by about 3 per cent over the 
control, The difference in the case of stiff soils was, however, 
not significant. This experiment does not cover a sufficient period. 
Thus, from his data it would be difficult to conclude that water¬ 
holding capacity of the soil is increased by green-manuring. The 
data of permanent manurial plots are given_ in Table 9 to illust¬ 
rate the cumulative effect of green manuring on the water re¬ 
lation of soil, 

The hygroscopic moisture, an indirect measure of the capil¬ 
lary pore space, is high in soils receiving purely'inorganic ferti¬ 
lizers. Similarly, available water as calculated from the difference 
between the moisture content _ut 1|3 atm tension and 15 atm ten¬ 
sion is lower in plots receiving phosphated green manure than 
purely inorganic fertilizers. Thus, even the long-term application 
of green manure did not affect any appreciable change in the 
moisture relation of the soil. 

In 1950, Plice analysed the soils of the green-manured (for 
16 years continuously) and non-green-manured plots of a prai¬ 
rie soil of Oklahoma. Pie found that green-manured soil had a 
lower field-moisture capacity and rate of water infiltration. These, 
are in agreement with the finding of Pusa Permanent Manurial 
Trials, 

Organic niatler. As stated by Russel in 1950, green-manuring 
has, in most parts of the world, been applied more succe.ssfully 
to increasing the available nitrogen, supply than the humus con¬ 
tent of soils. As a matter of fact green manuring can either in¬ 
crease the humus content or the supply of available nitrogen 
in the soil, but it can rarely replenish both at the same time. 
Therein it differs from the effect of well-decomposed farmyard 
manure. The humus content increases appreciably if material 
fairly resistant to decomposition is added to the soil, and decom¬ 
position-resistant plant material which is typically low in nitro¬ 
gen, The available nitrogen supply is only increased if readily 
deoomposible material, high in nitrogen content such as young 
plants, decomposes in the soil, 

In humid tropics and sub-tropics mineralization rather than 
humification dominates the, decomposition reactions of organic 
materials incorporated into soils. Singh in 1967 has shown on 
the basis of the data of the Pusa Permanent Manurial Trial 
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.started in 19011 that green-iniiiiiiring has not rcsiilfcd in any 
great change in the organic matter content of tlu; .soil. 

Table 10. Okgank: caiiiion content of .soir.s me .sli.eoted 

PLOTS , OF PtLSA I'EIiMANKNT MA.\'|f|UAr, TKIAI. 


Organic carbon content of soils (%) 

Treatment .... 

1940-41 |: lf)-17-41l lfJ.54-.55 | I1J57-.5IJ 

Control 0,223 j 0,212 ! 0.22!) i 0,211(1 

NPK 0.235 I 0.202 j 0.245 | 0,:ifi5 

Green manure 0.228 j 0,291 0.2,57 ! 0,:l,511 

Green manure+P 0.300 | 0,31.5 0.261 0,4:10 


These data reveal that the organic; carbon crtntciit of tlif! 
control plots has remained virtimjly coiiHtant, having readied au 
equilibrium value commensuruto with tlie euliivatiou linictlc's 
and systems of cropping and .soil management. Tins value is jmi- 
bably the asymptotic value und(;r the pre.seiit raariagemeiii. Piutily 
green manure plots have maintained a slightly higher organic, 
carbon content but the organic carbon content jilots mcdviiig in¬ 
organic fqrtilizers has been maintained fat a yet higher level. 
The green manure plots with pho.sphat(! have considerably miiin. 
tamed the highest organic carbon content. 

Long-teim experiments of Ware and Johnson in ]!I5I liuve 
shown that it is “difficult to maintain and cvi,;n nimc dillicult 
to increase _ the organic matter’’ in the soils of Alabarua by 
green-manuring. Similar result,s have been reported in lf(26 liy 
MoOTrs m Tennesses, in 1947 by Thompson and Sniilli, in 1953 
by lliompscm and Robertson in Florida, and in 19.53 by Bwinet 
and Luga Lopez m Puerto Rica. 

_ There is another facet of this problem. The freshly dHanii. 
posing organic matter when added to the .soil uctTlerutc.s (he ile- 
composition oT the native organic matter. This was observed by 
Lohms m. 1926 long before the radio-tracer tehuiqm- was ap¬ 
plied to verify this statement e-xpenmcntally. In 1947, Broiidliem 
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and Norman using isotopic and in freshly added orga¬ 
nic matter (Sudan grass) conclusively demonstrated that green 
manure under the conditions of the experiment actually speeded 
decomposition of the original soil organic matter, They speaJt 
about the freshly added green matter as a forced draft on the 
smouldering bacterial fire. More carbon and nitrogen were li¬ 
berated from the original soil organic matter in the presence of 
green manure than when the soil was left untreated with the 
green manure and summer-fallowed under the.se conditions. 
Broadbent in 1948 concluded that the addition of fresh organic 
matter can bring about a net decrease in the soil organic matter 
especially if small amounts of readily decomposible matter are 
added frequently to the soil. This was also confirmed by Hallam 
in 1953 who found that small amounts of fresh organic matter 
destroyed more humus than they added through the synthesis of 
new stable humus, A critical study of this problem by Bingeraan 
et al, in 1953 fundamentally confirmed the findings of this school 
but qiiantitatively found ‘Priming’ effect of the fresh additives in 
their experiments to be scarecely significant and not always 
reproducible. Further experiments are needed on these line.s to 
confirm these conclusions. 

Plant nutrients. In 1955, Joffe remarked that the primary 
Importance of the nutrient supply effect of the green-raaniiriug 
practice gains very strong support from investigations on burning 
the crop instead of incorporating it by ploughing or discing. 

Faulkner and Mackie in 1933, Freize in 1939, Mehta in 1950, 

Vine in 1953, and Singh , in 1963 have showed that burning 
was just as effective and in .some cases even superior on the 

succeeding crop as the conventional methods of handling green 
manure crops. Vine’s data cover a period of 20 years of observa¬ 
tions in Nigeria. On the basis of these findings it is logical to 
conclude, as stated by Scherbatoff in 1949, that in Nigeria “the 
efficiency of green manure crop in accumulating readily available 
minerals as well as the nitrogen is the primary function of green 
manuring”. 

Green-manure crops utilize the nutrients which without them 
would be leached. They also mobilize other nutrients. 

Nitrogen. There are at least three ways in which green 

manures after decomposition lead to better nitrogen nutrition of 
subsequent crops. Leguminous green manures fix nitrogen from 
the air; they utilize the nitrate from the soil, which, but for them, 
cohld have been leached, and after nitrification these two forms 
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become available. The third avenue of better nitrogen _ nutrition 
of subsequent crop is not well appreciated yet. By adding ciwily 
decomposible organic matter the rate of decomposition of native 
organic matter is increased and the release of .soil nitrogen occurs 
(These results have been verified in 1947 by Broadbent and 
Norman in laboratory experiments and in 1947 by Chapman and 
Liebig in the field). 

_ _ Other elements. Decomposing organic matter has a .solu¬ 
bilizing effect on phosphorus, potas.sium and trace elemenfs, There 
are several mechanisms through which pliosphorus becomes 
readily avaOable. The increased solubility of phosphorus might 
be owing to; (a) production of large quantity ^of carbon dioxide 
during decomposition of organic matter, leading to a lowering 
of the pH of the soil solution; (b) conversion of mineral phos¬ 
phate _ under the influence of decompo,sing organic material to 
organic phosphate which becomes available to the subsequent crop; 
and (c) precipitation,of iron and aluminitira by certain organic 
anions, thus liberating phosphate from the basic phosphates of 
these elements at ^ very low_ pH value,?. The.se Eudoits are formed 
from :idd.s like citric, oxalic, tartaric and lactic, which am pro¬ 
duced in [;onsiderable quantity a,? a result of microbial action on 
p ant residues and which_ are nature’s effective iigent,? for com- 
plexmg iron and aluminium in add .soils and rdeasing iihos- 
phates for plant use. 

Decomposing plant materials are also likely to increiisc the 
availability of trace element,? which are inmmbiiizud at a liigh 
pH. It appears, therefore, that the decomposition of readily de¬ 
composible organic matter releases its ('.fintained iiutritmt.s as 
well as nutrients from soil. These stimulate, crop growth, The 
benefits of green-manuring arc obtained when cmiditioiiK tire 
.Mtobhshed for the complete decDm|)o,siiion of the green matter, 
ihe addition of green leaf from outside has the .sunui t-lFiait, 'Flic 
oictum that green manure is of no value unlc.s.s decomposition 
takes place IS an apt one, ' 

f Jnw 5 because in comparison with 

and hence 

also t in J t in, their residues 

emPToXn ft availability of pho.?plialM and trace 

dH broLlf crop owing to the lowering of soil 

pH brought about by the carbon dioxide produced in tha process 
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of decomposition. The buffer capacity of the soil is also increased 
so that negative effects of the high salt concentration may be 
mitigated. To achieve these objectives,^ heavy top growth of the 
green-manuring crops is required, Dhaincha {Sesbunia bispinosa) 
is one such crop. It withstands salinity and makes moderately 
good growth on alkali soils. To get the maximum benefit from 
green-manurings the crop should be ploughed in at a time when 
the moisture content of soil is low, so that the initial desiccating 
reactions may fix the organic complexes, and a highly buffered 
humified organic residue will help to reduce the concentration 
of sodium on clay colloids. This has been shown experimentally 
by Basil in 1937, Mitra et al, in 1955 have also shown in their 
laboratory experiment that the highest fall of pH and the highest 
increase in exchangeable calcium in saline alkali soil takes place 
when a source of calcium (used for reclaiming alkalinity) is 
incorporated in conjunction with sunnhemp, 

PLACE OF GREEN MANURES IN ROTATION 

Having seen the response of crop.s to green-manuring, and 
its effect on some soil propertie,s, y^e are now in a position to 
discuss its place in rotations of wheat, sugarcane, paddy and 
other crops. Certainly, green manure (Wheat-sugarcane-paddy) 
rotations have been more remunerative than fallow-wheat-sugar¬ 
cane-paddy rotation, but utilization of the leguminous crop for 
fodder or grain and moderate fertilization of subsequent crop 
with inorganic nitrogen has been more remunerative than rota¬ 
tions having green manure. With the availability of short-dura¬ 
tion, high-yielding cereal crops like paddy (‘TN.l’, ‘T.3’, ‘T.65\ 
‘Adt. 27’), wheat (‘Sonora 64’, ‘Lerma Rojo’, ‘R227’), kjrs,‘tl.B.T, 
jowar, ‘CSH.T, ‘CSH,2’ and many hybrids of maize ‘Ganga 2’, 
‘Ganga 3’ farmers are now adopting multiple croping rotations 
where green manure per se does not have any place, because the 
‘opportunity cost’ of green manure in wheat rotation is equiva¬ 
lent to 40-50 quintal per ha of paddy, bajra or maize. With 
high prices prevailing in the country more and more of farmers 
are_ adopting double cropping of cereals. After the harvest of 
main crop, short-duration catch crops of legumes like lobia in 
north-western India could be grown which may be utilized for 
green-manuring. Even here fanners prefer to feed a part of the 
crop to their cattle. 

Surveys carried out by the Institute of Agricultural Re¬ 
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search Statistics in We.st Godavari (Andhra Pradesh), CoinihaUire 
(Tamil Nadu), Barabanki (Uttar Prade,Hh), Ferozepur (Ptuijab), 
Raipur (M.P,), Meerut and Varanasi (U.P.) hiivd .slmwa 
that in spite of considerable propaganda done by Agricultural 
Departments, this practice is confined only to (mrtain amn.s 
and has not extended in recent years. In Tluirijaviir di,strict 
green-manuring is estimated to cover about 20*24 per coiu of 
different rice crops, More than half of thi.s percentage was cover¬ 
ed by green-leaf manuring. The practice of leaf manuring will 
certainly increase or at least will stay static. But in years to 
come when more and more short-duration, high-yielding liybrids 
and varieties of cereals will become available a.s a risult of 
research, cropping patterns involving more and more cereals in 
a year will come. Our conceptions of rotations have undergone 
considerable change during the pa,st two decadfi-s. The indi-siiensi- 
bility of legumes has been challenged in the post-World War 11 
period, because what legumes did, inorganic nitrogen Is doing 
it now in a cheaper way. With legumes dislodged from their 
pivotal position, green manure will also lose it.s place. The pro¬ 
cess has already started in this country. Greeii-iniinuring may 
be used under special drcurn,starice.s to reclaim albliiw soil 
or as a source of nitrogen. But in the present price .strncUire 
It will be a very costly source of nitrogen, As long its oijr 
fertilizer industry has not flourished to cope with tim need 
of our intensive crop production this practice will be talked 
about but cheap nitrogen applied with crop residues will in¬ 
crease the yield of crops and .su.stain the fertility of the soil, 
Green-manuring will not be able to compete with thi.s practice. 
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CHAPTER IV 


ORGANIC MANURES (OTHERS) 

FARMYARD MANURE 

Farmyard manure is the oldest manure used by man ever_ since 
he took to agriculture. It has stood the test of time and is still 
the most popular of all manures, It consists mainly of vegetable 
substances mixed with animal dung and urine. It, therefore, con¬ 
tains all the elements present in the plant itself and affords a 
very suitable means of restoring to the soil the ingredieiits re¬ 
moved from it by the crop. A part of the unutilized portion of 
the crop is, thus, returned to the soil to provide nutrients for the 
benefit of the succeeding crop,. 

The preparation of fannyard manure offers one of the best 
means of utilizing farm and other agricultural, wastes and 
simultaneous production of humus in which our soils are so 
deficient. Unfortunately, the importance and value of this manure 
have not been sufficiently realized in this country, A good propor¬ 
tion of the fertilizing ingredients contained in it are allowed to 
be wasted through improper handling, storage, use, etc., with 
the result that the farmyard manure prepared and used by our 
farmers at present is of reduced value in increasing crop produc¬ 
tion. The study of the method of production, care, management 
and treatment of the manure carried out at a number of Govern¬ 
ment farms and experimental stations, and the large number of 
results obtained show that farmyard manure when properly pre- 
pared can give increased yields ranging from 10-60 per cent. 
Still better results can be obtained when it is used in combination 
with other cultural, practices, such as improved seed, proper 
crop rotation and supplementaiy fertilizers, that constitute good 
soil management, 

COMPOSITION 

Fannyard manure is made up of three types of substances, 
viz, the solid excreta or dung of animals, the liquid excreta or 
urine, and stratr or other vegetable refuse used as litter, Its com¬ 
position varies according to the composition of these substances 
and the proportion in which they are present. In India no litter 
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or very little, if at all, is used. Almost the whole of the urine 
is wasted a.s it is not properly collected. Hence, fannyard 
manure, as prepared in the country, consists almo,st entirely of 
cattle-dung mixed with farm refirse, like stalks and stubble. It 
also contains variable quantities of hou.schold waste,s, chiefly ash, 

Solid excreta. Dung con.sists mainly of that portion of 
the food that has not been digested or only partially digested 
by the animal. It a,lso contains living and dead bacterial cells, 
which contain nearly half the nitrogen of the dting, Its nmnurial 
value depends on the quantity of nitrogen, phersphorie add 
and potash it contain,?, the quantity being dependent on sevisral 
factors, like type, age, breed and condition of the animal, and 
the nature of food eaten by it (Table 11). 

Table 11. Average nittrient content of the dung of farm 


ANIMAI,.S 

(Per cent on original matter) 



Horse Cattle 

1 

Buffaloj Sheep 

i 

Pig 

1 

j Poultry 

Water 

76.5 

82.4 

81.1 

619 

80,7 

57,0 

Organic matter .. 

21.0 

15.2 

12,7 

,5,3 

ii.'il 

17,0 

3,0 

29,3 

Mineral matter .. 

,5.9 

3.6 

4,7 

Nitrogen 

Phosphoric acid 

0.47 

0.30 

0.26 

0,70 

0,59 

1.46 

(Pg^) 

0.30 

0.18 

0.18 

0.51 

0.46 

1.17 

Pota.sh (K,0) .. 

0,30 

0.18 

0,17 

0.29 

0,43 

0.62 

Lime (CaO) 

0.17| 

0,361 

0,46 

0.46 

0,09 


Poultry manure is the richest of all The urinary (ixcretion 
of the poultry is semi-solid and is voided mi-xed with the .solid 
excreta, It is highly concentrated, containing the largest amouiilB 
of organic matter and the three manurial ingredients, Sheep- 
dung comes next, but is very poor in potash. Cattle- and buffalo- 
dung contain the largest amount of water and are the poorest in 
manurial ingredients. 

A cow or a buffalo excretes much more dung than a horse 
or a sheep (Table 12). The poor quality of cattle-dung is, thus, 
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compensated for by its greater quantity. A bullock excretes about 
14-18 kg and a buffalo 18-23 kg dung everyday (Table 12). 

The dung of a young growing animal is poorer in manurial 
ingredients than that of an adult animal. A working animal 
exciietes dung of a richer quality than an animal at rest. 
Similarly, the dung of a milking cow is poorer than that of 
a diy cow. 

Table 12. Average quantity of dung and urine excreted by 

DIFFERENT ANIMALS 


Type of 

Quantity ex¬ 
creted per' 

Type of animal 

Av, 

live 

wt 

Quantity ex¬ 
creted at night 
(15 hr) 

Uliililill. 

Dung 

(kg) 

Urine 

(kg) 

(kg) 

Dung Urine 
(kg) (kg) 

Horse 

16.1 

1 

3.6 Cow (culti¬ 

172 

2.8 1.31 



vator’s) 



Cattle 

23.5 

9.0 Bullock (Govt. 

279 

3.8 1.4 


1 

farm) 



Sheep 

1.13' 

0,6 Breeding bull 

530 

. 7.7 4,5 



(Govt, farm) 


2.2 

Pig 

2.7 

1,5 She-buffalo 

374 

5,3 

Poultry , 

0.04 

! .. He-buffalo 

1 

617 

7.7 4.5 


* American data. 

The constituents of the dung of farm animals are not in 
a condition to serve the immediate needs of the crop, The 
nitrogenous compounds are mainly present as insoluble proteins 
that have already resisted digestion in the animal body and 
hence they are unavailable. The dung must,_ therefore, undergo 
further decomposition before its manurial ingredients become 
available. 

Liquid excreta. Composition of the urine of various animals 
is given in Table 13, The urine has higher^ water, nitrogen and 
potash contents than that of the dung, but it contains very little 
phosphoric' acid, 
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Table 13. Average nutrient content of urine of various 

ANIMAL.S 


(Per 

cent on 

original 

mutter) 




Horse 

Cattle 1 Buffalo 

Sheep 

j Pig 

Water 

89,6 

92.6 

Bl.O 

86.3 

96,6 

Organic matter 

8,0 

4.1! 


9.3 

15 

Mineral matter 

8.0 

2.1 


4.6 

I 0 

Nitrogen 

1.29 

1.21 

0,62 

1.47 

0,38 

Phosphoric acid (P„OU 

0.01 

0.(11 

tr. 

0.0.5 

0.10 

Potash (K„0) ' :. 

1.39 

1.35 

1.61 

1.96 

0,99 

Lime (CaU) 

0.4.5 

(J.Ol 

tr. 

0.16 

0,00 


The composition of urine also is dependent on the type of 
animal, age, condition, etc., and the nature and digestibility of 
food, Sheep urine, like its dung, is the richest in juaiiiirial 
ingredients. Horae urine comes next. It i,s at the sanu; time very 
rich in total rnineral matter. Kg and cattle urim; arc; the poorest. 
The poor quality of cattle urine i,>j made up by its greater quantity. 

^ The .solid excreta is richer in pho.sphoric acid and lime, 
while the liquid excreta is richer in nitrogen and potash, When 
taken together dung provides nearly .35 per cent of total nitnigen, 
a most the whole of phosphoric add and about .'lO -.'i.'i per cent 
of total potash excreted by an animal For achieving best re.suits 
both should be used together us mrimire, 


Litter. The waste vegetable material put mider the aniroal 
at night a.s a bedding is the litter. Beside,s providing a dry bed 
and keeping the animal clean, it; (a) alt,sorbs urine and prevents 
It from being drained away and lo.st; (h) dilute,s the animal 
excreta and facilitates their even distribution in thi‘ inaimre; (c) 
regulates the decomposition of the excreta and increase,s its value 
both chemically and physically; and (d) prevents lo.as of nitrogen 
fiom excreta, especially urine, by widening the carbon-nitrogen 
f'1 ^ V inflnmceH the 

tip ultimate composition of 

the manure so produced, . Too much litter wldmiH the C-N ratio 
0 disproportionately that the material decoraposefi very slowly, 
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The quantity used should be' sufficient to give a ratio of about 
35-40, 

Cereal straws form the most suitable material as litter. They 
have a high absorptive and retentive capacity for both liquids and 
gasesj^ and contain small amounts of manurial ingredients, Straw 
in this country is valued more as cattle feed and is seldom used 
^ litter. Other farm wastes, like groundnut shells, rice husk, dry 
leaves, etc., serve the same puiqjose and may be used as litter rather 
than burning them. _ Even dry earth i.s sometimes used as litter 
mainly to absorb urine when no vegetable material is available. 
Table 14 gives the nutrient content and absorptive capacity of some 
of the substances commonly used as litter, 

Table 14, Average composition of vegetable substances 


USED as litter 

(Per cent on dry matter) 


Substance 

Nitrogen 

Phosphoric 

acid 

(P 2 O 5 ) 

Potash 

(ICO) 

Water- 

absorbing 

capacity* 

(hg) 

Wheat straw 

0,43 

0.17 

0,91 

100 

Rice straw 

0,40 

0.26 

1.16 


Oat straw 

0,55 

0.24 

1.39 


Barley straw 

0,44 

0.19 . 

1.07 


Joiaar straw 

0,40 

0.23 

2,17 


Bajra straw 

0,65 

0.75 

2.50 


Bean straw 

1.57 

0.74 

1.62 

127 

Dry grass 

0,28 

0.08 

0.32 


Dry leaves (mixed).. 

1,51 

0.18 

0.57 

91 

Rice husk 

0,45 

0.25 

0.45 

, , 

Groundnut luilLs .. : 

1,75 

0.45 

1.50 


Peat .. 

0,65 

0.09 

0.12 

272 

Sawdust ., 1 

0,24 

0.20 

0.45 

197 

Earth .. 1 

I 

0.05 

0.10 

0.20 ' 

23 


* Quantity of water retained by 45 kg of material after soaking 
for 24 hours.. 
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Though sawdust and wood-sh.avings have a high absorpliv'e 
capacity, they decompose very slowly on account of their high ii.giiiri 
ahd resin contents. lionce, they .should be used very .spariti,Kly. 
Earth has comparatively low absorptive capacity and the very small 
amounts of manurial ingredients present in it make it very luisuit- 
able for use as litter, except under very eKcepliDiial circuiiiM.'inceB. 
As a very large quantity of earth has to be used, it coiisidtualiiy 
dilute,s the manure and gives a finished product of vtuy low maiiU' 
rial value, Pea,t has a very high water-alisoihing raiiacity luid ,aI,so 
absorbs ammonia readily. It is an excellent litter, and .slioiild lit; 
used wherever available easily and cheaply. 

The manurial constituents of litter are pre,s(!nt in au unavail¬ 
able form and become available only after dcconipo.sitioii. 

DEGOMPOSITION 

The animal excreta and litter are not .suitalde for direct iisi! as 
manure, as most of its manurial ingredient,s are pre.sem in an um 
available form. However, urine, if collected .seinirately, can In; U'^i'd 
directly. The dung and litter have to be fermented or dcconiposed 
before they become fit for use, Hence, the material is usually Hiored 
m heaps or pita where it is allowed to decompo,sc. Under suitahle 
condition of water supply, air,. temperature, food .supfily ami re¬ 
action, the micro-organisms (principally fungi, bacteria and aetiiim 

mycetes) already pre-sent in the dung--litter nnd .soil..dceoinposu 

tne matennl. The decomposition is partly aerobic and partly luiae- 
roDic. I he proper and succes.sful decompo,sition of tlic manure 
requires the functioning of both type.s of organisriiH, and proimr 
reflation of bothfthe processes. During decompOHition the usual 
yellow or green cdlour of the litter is changed to brown and uiti- 
mately dark-brown or black colour; its structural form is convi^rled 
into a colloidal, slimy, more or le,s.s hon]Ogenou.s materinl, eominonlv 
Known as humus. A well-docomposccl manure has a tyincri! hlack 
colour and a loose friable condition. It does not give any oimm 
xious .smell and does not show the presence of the original litter 
or clung. 

Growth reiiuireinents of micro-orgaitiisnifi, 'The snceesH in 
prepanng good quality farmyard manure or compo.st deijends on 
tne creation of a favourable environment for the activities of the 
micro-organisms in the fernienting heap. The conditions essMitial 
tor tins are proper food supply, moisture, aeration, tenitieraturi! find 
reaction. 


n 






Table 15. Proximate composition op anim:ai. dung and litter 
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Food supply. The three main components, viz. litter, dung 
and urine, _themselves supply the necessary food nutrients to the 
micro-organisms. Given_ the right type of nutrients in projjer prO" 
portion, the micro-organisms work effectively and convert the com¬ 
plex organic constituents into simple mineral .sub,stances tliat can be 
utilized by the plant. There are two main types of coiiijjounds, 
nitrogenous and non-nitrogenou.s, that make up the mixture. Some 
of the nitrogenous compound,s are .soluble but the majority are 
insoluble. The non-nitrogenous compounds con.si.st mainly of pro¬ 
teins already present in dung and litter, Urine, on tlie other hand 
contains soluble nitrogenou.s compound.s chiefly in the form of urea,’ 
uric acid, hippuric acid and ammonium sa]t.s. The noii-riitrogenoiis 
substances consist of various carbohydrates (sugar, starch, liemicellu- 
loses, etcO, ether-soluble compound,s (fal.s, waxes, re,MinR, etc,} and 
hgnin. Tabic 15 give,s the proximate composition of dung and 
litter, Hemicelluloses, cellulose and lignin constilute tlio major 
portion and are pe.sent to the extent of 60-70 per cent in dung, and 
70-90 pel cent in litter. In urine, on the other hand, these com- 
pounds are absent and the organic matter consists (thno,st enlirelv 
of .soluble nitrogenous compounds eiiunierated above. 

The rate and nature of decompo-sition depends on the pro¬ 
portion of non-mtrogenous to nitrogenou.s compounds presen in 
the mixture, i,e., on C-N ratio, The most .suitable G-N ratio I 

Table 16. CARIlON-NITROGIiN ratio of animal dung and litter 


Material 


Cattle-dung 
Wheat straw ., 

Oat straw 
straw ., 

Barley straw 
Rice straw ,, 

French bean haulms 
Weeds mixed 
Hongay {Pongamia sp. 
Sawdust 


leaves 


Carbon 

Nitrogen 

(percent) 

(per cent) 

6.52 

0.31 

40,0 

0,33 

4.3,3 

(),.52 

A ‘1 

\}J*D 

40,9 

u.b'i 

0.32 

40.8 

0.46 

44.2 

1.83 

26.6 

1.37 

41.1 

2.12 


0,11 


G-N 

ratio 

21 

124 

83 

62 

128 

89 

24 

19 

19 

511 


75 







HANDBOOK OF MANURES AND FERTILIZERS __ 

about 40. When the ratio is wider than this decomposition takes 
place veit slowly, and when narrower the decomposition is quick. 
The C-N ratio of cattle-dung and a few substances commonly used 
as litter is given in Table 16. The C-N ratio of the dung of farm 
animals varies from 20 to 25, except in the case of poultiy manure 
whose G-N ratio is very narrow, being 5 to 10. The G-N ratio of 
urine is extremely narrow ranging between h and 2 for most ram 
animals In the case of litter the ratio vanes according to the 
nature of the substance. Cereal straws in general have a wide 
ratio wider than 50, Leguminous straws and haulms have a 
narrow ratio, about 20, Sawdust and wood-shavings, on the other 
hand, have an extremely wide ratio. _ 

Moisture: The micro-organisms function at their be.st only 
in presence of proper amount of water. About 60-70 per cent 
moisture is considered to be the optimum requirera_ent to start 
with, and with the advance in decomposition, it diminishes grad* 
ually being 30-40 per cent in the finished product. The material 
containing large quantities of straw or similar fibrous substances 
can tolerate greater quantities of water. But if it consists largely 
of fine materials, like chaff, which get soggy or _ compact on 
wetting, it is better to have less moisture to start with. 

Excess of moisture prevents the temperature from rising high 
and retards decomposition, resulting in loss of a part of the 
soluble plant nutrients through leaching and drainage. Further, 
waterlogging letids to putrefactive decomposition. Hencej in 
regions receiving heavy rainfall, it is advisable to store the 
manure of prepare compost in heaps above ground. 

In the absence of sufficient moisture microbial activity ceases, 
and the decomposition practically comes to an end,^ More often 
it is the lack of moisture rather than an racess that is responsible 
for the poor quality of manure prepared in the country. Addition 
of sufficient moisture*- in the beginning and its conservation by 
storing the manure or preparing the compost in pits, especially 
where water is not easily available, is the only way to keep the. 
microbial activity going, 

Aeration: Proper aeration is necessary for the action of 
the. aerobic organisms which hasten fermentation. Under rest¬ 
ricted air supply the decomposition is slow but more regular. 
In the proper rotting of the manure both types of decomposition 
should be fostered, While filling the pit, the material should 
not be compacted too tight. This will ensure aerobic conditioiis 
in the centre of the pit. Even in a heap where decomposition is 
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predominantly aerobic, anaerobic fcnncntatioiv takes place due 
to the fact that the evolution of carbon dioxide in largi! (|U!inti- 
ties excludes the atmospheric oxy,gen gaining acce.ss to llu; pores 
and open spaces in the heap, Hence there is the necessity of 
turning the heap periodically, Mo.st of the inicrobial procciises arc 
oxidative and, hence, a free .supply of oxygen is necessary. 
Excessive watering, compaction, use of largo quantities of fuit; 
and green materials as litter, and unusually high and big lieap.s 
all lead to poor aeration. Under aerobic couditions, there is a 
rapid oxidation of organic mutter and conversion of iiuinimiia 
to nitrate. Under anaerobic conditions the rate of o.xidutioii is 
slow, there_ is greater conservation of organic niatter, and nitrate 
fomation is almost completely absent. 

Temperature: Under the optimum conditions of air, inoisturc 
and food supply, there is a' rapid increase in ti'iiiixiratnre in the 
manure heap or pit-^The temperature usually rises to 50'’.60'''(:, 
and even to 70 "G. The high temperature destroys weed seeds, 
maggots, worms, pathogenic bacteria, etc., prevents fly tireecling, 
and makes the manure safe from hygienic point of view. Wlieu 
the manure is prepared in pits or trenches, the rhe in teinperaliire 
IS not as high as in heaps, but is maintained for a longer period. 

Reaction: The micro-organisms liberate certain orgiiak 
acids during the course of decomposition which, if allowed to 
accumulate, retard fermentation and sometimes tiven stop it 
completely. Hence, it i.s necessary to control the reaction of the 
material, A neutral or slightly alkaline reaction, between pH 
7.U and 7.5, is considered the most suitable. The addition of 
alkaline substances, like Ijme and wood-ashf!.s, aeutralizi's the 
excess acidity and helps to maintain a neutral reaction, ’.Since 
■ in the preparation of farmyard manure it is a common practice 
to add household ashes to the manure pit, it is not uece.ssaiy 
to add additional alkaline substance.s. While preparing Nynthetic 
farmyyd manure with ammonium .sulphate the addition of 
ground limestone at the Tate of 5 per cent of the weight of 
vegetable residues is sufficient to neutralize excess acidity. In the 
preparation of compost the addition of wood-ashes fmd soil scnT,s 
the same purpose. The soil not only ueutralize.s the acidity hut 
also acts as a buffer. 

Changes during decomposition. The most iinRortant 
changes that take place when the material is stored in heap or 
pa IS the breakdown^ and disappearance of fats and carboliydrate, 
and the mineralization of nitrogenous compounds, The sugars, 
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hemicelluloscs and cellulose are broken down, the first much more 
quickly than the other two, to organic acids which are further 
decomposed to carbon dioxide and water. The soluble nitrogen¬ 
ous compounds are converted to ammonia, nitrites and, nitrates. 

Some of the fats and fatty .substances arh also broken down to 

organic acids at first and then to carbon , dioxide and _ water. 

Proteins undergo hydrolysis and liberate amino acids which are 

next converted to ammonia. Lignin, waxes, resins and some pro- ' 

teins which are more resistant to decomposition remain as such 
or, as is more likely, are converted into what are known as , ■ 
‘altered’ products due to slow or partial oxidation. At the same 
time the micro-organisms synthesize new cell protoplasm and 
build up fresh microbial tissues from carbon, nitrogen, phosphoras, ; 
etc,, liberated during the breakdown. In this way new carbona¬ 
ceous and nitrogenous compounds are formed. The altered 
lignin and proteins of dung, litter, or other plant residues , 1 

together with the microbial proteins are gradually transformed 
by chemical and biochemical reactions into the dark-cloured ^ 

amorphous mass, the humus. The rate, nature and amount of . i 

humus formation, therefore, depends on the nature and proportion i 

of animal excreta, litter and other plant residues, type of micro- f 

organisms, and environmental factors, .such as aeration, moisture . 

and reaction. Though the humus so formed is the more stable 
product of decomposition it is not absolutely resistant. It also 
undergoes decomposition, but at a much slower rate after the , 

manure is added to the soil. 

As a result of decomposition there is considerable reduction ^ 
in the bulk of the manure owing to the disappearance of various 
compounds in the form of carbon dioxide, water vapour and : 

other gases. Nearly 50 per cent of the organic matter is lost | 

when the material has decomposed thoroughly and C-N ratio of | 

the resultant product comes down to about 20 or a little less. I 

If the material is allowed to decompose under waterlogged • I 

conditions, i.e., strictly anaerobic conditions, the carbohydrates , | 

produce, in addition to carbon dioxide, two other gases, viz. 
marsh gas or methane and hydrogen. The proteins, under these ■ ; 

conditions, undergo putrefaction and some of them are con- ■ j 

verted to foul-smelling gases and substances, e.g., sulphuretted 
hydrogen, phosphoretted hydrogen, indole and skatole. Some f 

of the other nitrogenous compounds, like amides, amines, .. ;> 

ammonia and nitrates, undergo reduction as a result of which, 
they are converted to gaseous nitrogen. 
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. paiuaiiy anaeropic conditions there is an accurauln- 

tion of intermediate products of decomposition. The various 
organic acids .so liberated combine with ammonia to form ammo¬ 
nium salts and prevent the loss of ammonia by volatilization. 
iL ° manure and make it less 

aikalme. There is no nitrate formation under such conditimiH, 
_lhe loss of organic matter is considerably reduced. Hence, there 
IS a greater conservation of organic matter and nitrogen, and a 
greater production of manure than under aerobic decoinposilion, 
Loss of nutrients. Apart from the inevitable loss of a part 
ot the organic matter during the process of decomposition, there 
IS con,siclerable loss of fertilizing elements from the inaiuire both 
betore and during decomposition, The extent of Io,ss i.s highly 
variaile. It is estimated that about 50 per cent of organic matter, 
nitrogen and pota.sIi and about 30 per cent of pho.sphoric acid 
carefully manure is .stored and prirserved very 

begins with the loss of urine In the 
fi th™gh seepage and leaching. In slablas with 

arrangement. A part of the 
■ and fhp ’s dug up from time to time 

rTadlv ti so that it absorbs urine 

S nh unne-containing earth periodically to 

'"IS it diiihes the inuniire 
reduced Thi UfRL l 'i? «‘i’sidcriibiy 

_ In stable having pucca floor a part of the mine is lost in 

dr if and sDread n ' i? ?torn at the end of thn 

b preserved by spreading some more litter under the cattle at 

as urefi^ tS dot^to' volatilization, 

ranidlv tL C .to.^tnraon'a and carbon dioxide very 

alkdinfly^Ld d^irlf'Thirbs?™"* jn temperature! 

superphosphate or gypsum on the Lbfe 

rate of about 0,5 to 1 kg per an L 

6 P an mal per day, It helps to prevent 
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thfi loss of aininoiiia by fixing it as ammonimn sulphate. The 
amount of superphosphate required at this rate and its cost, how¬ 
ever precludes its u.se on any extended scale, except in big 
dairies If urine is collected in a cistern a layer of oil on top 
of the liquid helps to prevent the loss. During the early stages of 
decomposition also the loss of urea nitrogen, through volatilizar 
tion, takes place. The fermentation being highly aerobic, it is 
unfavourable for the accumulation of organic acids; due to this 
the ammonia that is evolved remains unfixed and escapes. 
Excluding the air by compaction to encourage acid fermentation 
helps to retain the ammonia. , . « 

The third source of loss is as free mtrogen. Gaseous nitrogen 
is evolved when the manure pile is made very compact or gets 
water-logged due to excess water, Both these conditions should 
be avoided. Yet another source of loss of nitrogen is through 
leaching in the form of liquid that oozes out from the manure 
heap or pit. This liquid contains not only soluble nitrogen but 
also phosphates and potash. The oozing of the liquid is _ very 
often due to 'over-watering. The loss can be reduced if the _ liquid 
is collected as it comes out and spreads over the material, or 
applied direct to the field after mixing with water. In the case, 
of manure prepared in pits, provided with a pucca flooring 
and suitable drains to collect the liquid as it accumulates at., the 
bottom helps to reduce the loss. The loss can also be minimized 
by adding more litter or vegetable refuse to absorb excess water. 
This loss is especially great in heavy rainfall regions. In such places 
the heaps or pits should in addition be suitably protected. 

Important losses of ammonia occur even after the manure 
is spread in the field, especially if it is allowed to remain in 
heaps. Hi.gh temperature and windy weather further increase the 
loss. The best course is to spread the manure and immediately 
mix it with the soil without allowing it to get dry. 

VALUE AND FUNCTIONS 

The value of fannyard manure is many sided. It supplies 
fertilizing elements, improves the physical condition of the soil 
and encourages soil-microbial activity. As it consists of materials 
derived from vegetable substances it suppplies all the major as 
well as minor elements to the crop, Farmyard manure, however, 
contains very small quantities of these elements. This is especially 
true in the case of the three major nutrienfs, viz. nitrogen, 
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phosphoric acid and potash (Table 17), At the rate at which 
it is normaly applied to the soil, the quantities of N,?, and K 
supplied by the manure are not sufficient to ensure a high level 
of crop production. Besides, only a small fraction of thitse 
nutrients _ is inimediately available for the requireraeat of the 
crop. It is estimated that 30-40 per cent of nitrogen, 20-2,5 per 
cent of phosphoric acid, and 50-70 pei cent of potash are avai¬ 
lable to the growing crop during the year of application. The 
p'oportion in which these nutrients are present is also not the 
best for the requirement of crops. 

The farmyard manure is very poor in fertilizing elements 
and has highly variable composition. The N, P, K contents vary 
widely from sample to .sample (Table 17), The large variation in 
composition makes it a manure of doubtful quality. Judging on 
ttie basis of its major plant nutrient contents, a large majority 

Table 17. Average coMPO.strioN and range in variation in 

COMPOSITION OF FARMYARD MANURE 

(Per cent on diy matter) 



of the samples of fermyard manure prepared in the country are 
ot poor quality. The fannyard manure is, however, a good 
source for the supply of micronutrients (Table 18). 

The value of farmyard manure lies more in the organic 
matter or humus that it contains, It is through humus that it 
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exerts a profound effect on the physical and physico-chemical pro¬ 
perties of the soil. It improves the structure of both sandy and 
clayey soils. With the improvement in structure, other physical 
properties, such as aeration, peimeability, drainage and resistance 
to erosion, are also improved. It regulates soil temperature and 
does not allow the soil to get too hot or too cold. It improves 
the water-holding capacity, increases the ion-adsorbing and ion- 
exchange capacities, enhances the buffering power and delays the 
fixation of phosphoric acid in soil. 


Table 18. Micro-nutrient contents of farmyard manure 
(Parts per million on dry matter) 



: Minimum 

I 

Maximum Average 

Copper (Cu) 

1,89 

8.06 4.63 

Zinc (Zn) .. 

2.41 

10.81 5,26 

Manganese (Mn) 

47,90 

100.70 83.65 

Boron (B) .. .. 

0.03 

0.11 0.06 


The addition of farmyard manure helps to increase soil 
fertility by creating chemical and physical conditions more 
favourable to the activities of the soil micro-organisms. It serves 
as food for the micro-organisms and is the main source of supply 
of carbon and nitrogen. It also meets their energy requirement. 
As a result of the microbial activities large volumes of carbon 
dioxide are evolved which, on solution in soil water, bring the 
insoluble soil minerals into solution. Fannyard manure thus 
helps to increase the quantity of available plant nutrients in 
the soil. The metabolic activity of the micro-organisms produces 
certain slimy substances which bring about the aggregation of 
soil particles and produce a crumb structure. 

By virtue of all these properties farmyard manure creates 
conditions for the successful use of inorganic fertilizers. The value 
of farmyard manure has also been attributed to the presence 
andjor production of phytohormones or plant growth-regulating 
substances, such as creatinine and indole-acetic acid. 

Another important feature of farmyard manure is its resi¬ 
dual value, The effect of farmyard manure has been found to 
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last for a number of years. This is partly due to the slow libo- 
ration of manurial nutrients, especially nitrogen and pho.sphoric 
acid, and partly due to the improvement in physical and biologi¬ 
cal characters of the soil as mentioned above. The numurial 
ingredients are present in organic combination and become avai¬ 
lable only as they are slowly mineralized in the soil. The re,sicluu] 
Meet lasts for two to three years before the effect of the manure 
IS lully exhausted. Though this is true for temperate region,s, it 
s doumtul if It has any substantial residual effect in hot' regions, 
wiiere almbst the whole of the organic matter added to the soil 
uisappears in about one year due to its very rapid ciecompo,sition. 


practice, The present method of preparing fiirm- 
prd manure is very crude and inefficient. The common practice 
s to throw cattle-dung and other farm and household refuse 

lit Lrl ^ PUTose. The quantity of dung 

utilized for the purpose is comparatively very little. A good deal 

onirl.f iMt. From the portion collected at nifht 

othw nfarmer’s fuel requirement and 

me pit IS not uniformly mixed with urine and litter Lumns of 
duing remain as such for long periods. ’ 

Almost the whole of the cattle urine is wasted -md nn 
b° systematically, It is usually allowed 

beddW usually provided with 

of other fodder thaf 1 ini ' 

collected every dav and arp 
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The materials are usually clumped, in one,corner of the pit, 
which is filled up gradually over a period of time. No attempt is 
ie to p ead them evenly. The pit itself may be o any size. 

rtem as 2.4 to 3.0 m. No water is usually 
3d except what it receives during rainfall. ,The pit, being 

ad very ges fited with rjin. runod 

Td storm- W.L, For a major part of the momoon the matm 
lies submerged in water or remains over-wet In summer, on the 
i handf the material gets dried, especially the portion that 

DS?^to^°thffie Teats the decomposition is fitful and v,ei7 
uneven Enormous losses of fertilizing elements tahe place during 
storage'and fermentation and the resultant manure is veiy poor 
in SlirEven after it is spread in the field serious tes of 
nitrogen occur, as the manure is not mixed with the soil, imme¬ 
diately but allowed to remain in heaps for vaiying periods of 

Preparation of good-quality faimyard manure. To ob¬ 
tain farmyard manure of good quality- 

1 . prepare a pit of suitable size, , 

2. make the maximum use of cattle-dung, urme and vege¬ 
table wastes; , . . m 

3. spread the materials evenly m the pit, wetting them with 

water if necessaa-y, each time;, and , 

4. protect the material in the pit from ram and sun.. 

The pit should neither be too big nor too small. Ordinarily 
not more than 0,9 m deep and 1.8 to 2.4 ,m wide. Ihe 
length should depend on the quantity of material expected to 
be put in it everyday or during a season. It is better to have 
two or more small pits than one long pit, It should be located 
at a site not likely to be submerged due to runoff or flooding 
In low-lying areas the pit should be properly protected by suitable 
bunds, preferably a brick-lined pit with cement Joor to prevent 
the soluble nutrients being lost underground by leaching and 

drain^e. valuable components of 

farmyard manure. Every effort should be made to collect the 
excreta as completely as possible. As much of the finng aiid 
urine excreted during the day is lost and , is irrecoverable, all the 
dung and particularly urine voided at night should be scrupul¬ 
ously collected and utilized for preparing the manure. One of the 
best ways is to spread some vegetable material of good absorbing 
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properties as litter or bedding for the cattle. Wherever this is 
not feasible a layer of loose earth spread under the, feet, of 
cattle will serve the same purpose. The earth soaked with urine 
should be scraped and removed to the manure pit ovciy week 
or fortnight and spread evenly over the other materials, 

All farm and household wastes, like stalks and stems, leaves, 
weed.?, refuse and ash should be methodically collfietecl and 
added to the pit after mixing them properly with clung and 
urine. 

The,various materials so collected should be .spread evenly, 
in the, pit, preferably layer by layer. Depending on tlie .size of 
the pit and the quantity of material available it should be 
spread evenly so as to cover the bottom of the pit as completely 
as possible. When the quantity of the material is too small or 
the pit is too long, it is better to fill it compartment by com¬ 
partment (described under the Bangalore Method of preparing 
compost). The material, if dry, should be watered so as to keep 
It moist but not wet. 

Protecting the material in the pit from rain and sun Is 
very essential, This is best done by providing a roof over the pit. 

USE AND EFPECT 


Use. Farmyard manure can be applied to all crop.s and all 
types of soils. In order to be of real utility there must bo adequate 
moisture m the soil and sufficient time mmst be allowed), about 
two to four weeks before sowing, for the plant nutrients to be 
converted mto an assimilable fomi. There is danger in applying 
it too early, as some of _ the soluble plant nutrients are likely to 
e lost by leaching in rainy season or by volatilization during hot 
weather. It should be spread evenly in the field instead of putting 
It up m small heaps, and mixing with the soil immediately. Well- 
rotied manure may be applied just prior to .sowing. 

The quMtity to be applied to the soil is governed by the 
crops grown in dry areas, where 
^ cartloads of manure per 
hectare are sufficient. When sufficient farmyard manure is not 

or one-tourth the area, every year so that it covers the whole 

20 increased to 

to do cartloads m areas of heavier rainfall For irrigated 
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Fresh vs. rotted farmyard manure. Fresh farmyard manure 
when added to the soil does not liberate any of the fertilizing 
elements in available form. Its main value lies in the coarse organic 
matter that it contains, The influence of coarse organic matter on 
the physical character of the soil is very great. This is especially 
so in soils of heavy texture. It increases their pore space and makes 
them more open and permeable. _ f 

Fresh farmyard manure, containing litter, should not be used . i 
as it has a wide C-N ratio and lacks sufficient soluble nitrogen to I 
meet the requirements of the micro-organisms to decompose the 
large amount of carbonaceous material. Hence, they utilize the 
nitrates and other soluble nitrogenous compounds present in the 
soil and compete with the growing crop, preventing it from 
utilizing the available nitrogen. If fresh manure has to be used it 
must be applied sufficiently in advance to allow proper decomposi¬ 
tion, or to add some soluble nitrogen to it at the rate of about 
0 .5-1.0 per cent on the weight of the dry straw or litter, so that 
it does not starve the crop of soluble nitrogen. , 

The use of fresh farmyard manure is, however, very restricted 
due to a number of physical limitations; daily collection, transport, 

CtCi 

' It is best to use farmyard manure after it has properly 
rotted, There is no danger of its starving the crop of .soluble 
nitrogen even if it is applied as a top-dressing, ; 

In light sandy soils it is advisable to apply decomposed rather. - ' 

than the fresh manure, as these are already porous and further 
‘opening’ would be harmful. The decomposed manure reduces i, 
peimeability, increases water-holding and retention ^ capacity, and . ; 
improves structure and other physical characteristics of light 
sandy soils, ■ i. 

Effect. The effect of farmyard manure varies with the , 

quantity and quality of the manure appiied, time and method of -i' 
application, crop to which it is applied and other factors, such -'i 
as water supply. In general, in humid climates or under irigatioii, iv 
the manure gives moderate to large increa.ses in yield of mo.st 
crops. Even in regions of low rainfall, or where no irrigation is ' , 

practised, farmyard manure gives increased yields but the increase , ■ 
is of a low order, _ ■ iy 

Farmyard manure is low in phosphoric, acid as compared to ji.: 
nitrogen and potash. To overcome this deficiency the addition of ■:| 
superphosphate or rock phosphate has been recommended. If no . 'I, 
superphosphate has been spread on the byre floor or in gutters or 
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drains_ to prevent the volatilization of ammonia, it is recommended 
that single superphosphate may be mixed with the manure at the 
rate of 19-22 kg per 1,016 kg before the manure is carted to 
the field. It may as well be added to the manuru in the pit 
where it is stored to decompose by sprinkling small quantities at 
each filling. This treatment has been found to increa.se the 
effectiveness of the manure. 


ARTIFICIAL OR SYNTHETIC FARMYARD MANURE 


Synthetic farmyard manure is a bulky organic; manure 
resembling ordinary farmyard manure produced without the iigency 
of farm animals. The process of preparing synthetic farmyard 
manure from straw was first discovered and patented in England 
and is known as the ADGO process of manufacturing artificial 
farmyard manure. The method is now applicable to all kind.s of 
plant residues and farm wastes. When a plant residue i-s treated 
with a solution of a nitrogenous compound, like ammonium 
sulphate or calcium cyanamide, it undergoes fermentation and 
gives rise to a product very .similar to natural farmyard manure. 
I he addition of phosphate and pota^^ along with soluble nitrogen 
makes the finished product more balanced in nianiirial value. Under 
suitable conditions of moisture, air supply and reaction tlie micro¬ 
organisms already present on the plant residues bring about a rapid 
decomposition in the presence of the soluble nitrogen, .a.s a re.sult 
ot which sugars, starch, hemicelluloses and cellulose of the pi,ant 
residue disappear while lignin, waxes, proteins, etc., are converted 
into humus, The soluble nitrogen is fixed or immobilized into in¬ 
soluble compounds as the protoplasm of the microbial cells, The 
insoluble nitrogen is later ammonified and then nitrified when the 
manure is applied to the soil. 


- ....... iGijuura cl iHiiiunura amount ot .soluble 

nitrogen to bring about its rapid decomposition, In the case of 
most straws, which contain on an average 0.4 per cent nitrogen 
and per cent carbon, the additional nitrogen rtiouired i,s 0.75 
" ^latenal.. _This gives a G-N ratio of 

tc 1 , b . 1 to start with. The additional nitrogen so required 
factor. Each plant re.sidue has a difFerent 
OrdinoHlv n depending _ on Us nitrogen and carbon contents. 
t£ m ^ ^ nitrogen factor. 

S so™ common 

plant residues and farm wastes. Materials like maize stalk and 
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katcha grass which are rich in nitrogen and have a narrow C-N 
ratio require very little additional nitrogen, while sugarcane trash, 
cotton stalks, etc., require large quantities of additional soluble 
nitrogen for rapid decomposition. 

In hot countries like ours it is advisable to substitute ammo¬ 
nium sulphate or similar other readily available compounds by a 
slowly available nitrogenous material like bone-meal, bloodmeal, 
oilcakes, or even green leguminous plants. The use of soluble 
nitrogenous substances leads to a heavy loss of nitrogen during the 
early stages of decomposition which is considerably reduced when 
slowly available nitrogenous substances are used. 


Table 19. Carbon and nitrogen contents of some plant 


(Per cent on dry material) 


Carbon I Nitrogen C-N ratio 


40.8 

0,46 

89 

40.0 

0,33 

124 

43.3 

0,52 

83 

40.9 

0,32 

128 

39.5 

0.64 

62 

45.7 

0,49 

93 

44,2 

0.84 

53 

44.6 

0,62 

72 

39,4 

0,35 

113 

40.1 

0.85 

47 


Rice straw .. 

Wheat straw .. 

Oat straw 
Barley straw .. 

Rflgi straw .. 

Jowar stalks and leaves 
Maize stalks and leaves 
Cotton stalks 
Sugarcane trash 
Katcha grass 


Method of preparation. Weighed quantities of straw or other 
plant residues are spread on hard, level ground m a layer lo-AU 
cm thick, and compacted lightly. A weighed quantity or known 
volume of water is sprayed on it evenly, and a weighed quanti^ ot 
ADGO powder or any other starter spread on it uniformly, Uyer 
this another layer of straw or vegetable refuse is spread and wetted 
as before, and ADCO powder or starter applied. A heap about 
1.5 to 1,8 m high is, thus, built up and allowed to decompose. 
As fermentation begins the temperature rises. After about four 
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weeks the heap is turned, the material sprayed with water, and the 
heap re-built and allowed to decompose further. A second turning 
is given after another three or four weeks, and a third after anotlier 
month or so, At every turning water i,5 sprayed as necc,s.saiy, The 
manure is ready in about four to six months by which time it has 
lost about half its bulk. The most essential points are limt the 
material should be kept moist but not over-wet, and the hGai) .should 
not be disturbed during the first three or four week.s. 

Alternatively _the manure may be {irepared in a pit by .s]H’ead- 
mg the material in it and building up the heap about 80 cm 
above ground. The material is turned in the pit as mentioned 
above. 
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Mamu'ial value. Treated in this way, any farm refuse like 
cereal straws, maize and jowar stubble, sugarcane trash, and banana 
stems and leaves, can be converted into manure.' The manure so 
prepared is very much like common farmyard manure in appear¬ 
ance, consistency and manurial value. The composition of syn¬ 
thetic farmyard manure prepared from some of the common farm 
wastes is shown in Table 20. 

Synthetic farmyard manure can be prepared with advantage 
in tracts or on farms, where the number of cattle is not suflScient 
to give enough dung and urine to prepare ordinary farmyard 
manure. It can also be prepared in places where large quantities 
of organic farm wastes are available for disposal. It is better to 
convert these wastes into a useful manure than to burn them as 
is very often done. The manure so prepared can be used in the 
same way as ordinary farmyard manure, and has been found to 
be equally effective for all crops. 

COMPOST 

Compost making is the process of decomposing plant residues 
in a heap or pit rather than in the soil with a view to bringing 
the plant nutrient elements in a more readily available form. Thus, 
it prepares the food material for the crop outside the field and, 
at the same time, eliminates the unwanted readily oxidisable con¬ 
stituents of the plant residues. If these residues are applied direct 
to the land without pretreatment they are likely to be ipjurious 
to the succeeding crop by robbing the soil of its soluble nitrogen. 

The process of composting is also useful in converting harmful 
waste products, like nightsoil, rubbish and sejyage, into an innocuous 
product that is safe to handle and use. Most of the pathogenic 
organisms present in these wastes are destroyed by the high tempe¬ 
rature generated during the process. The principles invloved and 
the factors operating in the successful preparation of compost are 
the same as those described under farmyard manure and synthetic 
farmyard manure. The final product in either case resembles ordi¬ 
nary farmyard^ manure in appearance, properties and manurial value. 

Composting of farm wastes. Farm compost may be prepared 
either by the Indore Method or by the Bangalore Method. The 
former is a fully aerobic process, while the latter is aerobic to start 
with, followed by anaerobic decomposition. 

Indore Method-. The materials needed for preparing compost 
by this method are mixed plant residues, animal dung, urine earth, 
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wood-ashes, water and air. All vegetable wa.stes available on the 
farm, like weeds, stalks and stems, fallen leaves, prunings, chaff, 
remnants of fodder and green maruire, are collected and .stacked 
in a pile. Flard woody materials, like cotton and tur .stalks, .stumps 
and stubble are first spread on the farm road and crushed under 
the farm traffic before they are stiickccl, Such hard inntcrials .should 
not form more than about 10 per cent cif the total plant ntsidues. 
Substances, like banana stem and leave.?, am .split lengthwi.se and 
chopped into small pieces, Green inatm'iiils that are soft and 
succulent are allowed to wilt for two or three diiy.s to get rid of 
excess moisture before they are .stacked. They tend to pack 
closely if they are used in the fre,sh state, While .stacking each 
material is spread in layers of about 15 era thicI<ne.H,s till the 
heap is about 1.2 to 1.5 m high. The mixture of difl'enint kinds 
of vegetable residues ensures more efficient decomposition than 
when the materials are rotted .sepurately, 

The heap is cut in vertical .slices to ensure proper mixing, and 
the mixed plant re.sidues are spread under the feel of the c;atlle in 
th^e shed as bedding for the night. It is .spread at thi! rate of about 
2U-25 kg per pair of cattle. Next morning, the bedding along with 
the dung, etc., is taken to the pit where eorniio.st i.s to be prejiarccl. 
Patches of floor mixed with urine are .scraped and the urine eartli 
added to the soiled bedding material before it i.s taken to the pit. 
ihe patches are then filled with new soil and tlie floor rammed if 
necessary. Aiternalively, the earth under the animals may lie dug 
out every three month,s and stored under shade for further use. It 
should be crushed to powder if neccs.sary before use. Fresh earth is 
added to replace the urine earth and tlio floor rammed again. 

Ihe site selected for the pit should be at a high level so that 
no storm_ water gets m nor the water-table rises, and create water¬ 
logging m the pit during raon,soon. I'he pit should be about 
90 cm deep and 1,8-2,4 m wide with any suitable length, and 

be as near the cattle shed as possible or near the source of Huijply 
of water, and should have .siiindent space between them for 
carts to move freely. A katcha shed may be erected over it to pro- 

btirfri W '?»»■ Tk-t mterial tough, ,»m 

e cattle shed is spread evenly in the pits in layers of 7-15 cm 

On each layer is spread a slurry ma,de of 4.5 kg of cattle-duiiK 
(kept separately), 3.5 kg urine earth, 4,5 kg fungus inoculum 

about two-week-old) and 
0.5 kg of wood-ash in four gallons of water per pair of caSi A 
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sufEcient quantity of water is sprinided over the material in the pit 
to make it moist but not too wet. The pit is filled in this way 
layer by layer, the layer of bedding material alternating with that 
of slurry and water. It should not take more than six or seven 
days ’to fill the pit in this manner. While filling the pit, care 
should be taken to see that the material is not trampled or com¬ 
pacted in any way. 

The pit is filled till the material is 30 cm above ground level. 
The whole length of the pit may not be filled, leaving about one- 
fourth the pit 'empty to facilitate subsequent turnings. The mate¬ 
rial is turned three times, the first about l.fi days after the charging 
of the pit commences, the second after another 15 days and the 
third about a month later. At each turning the material is mixed 
properly, moistened with water and the heap built again. At the 
first turning about 4.5 kg of bacterial inoculum (taken from a 
compost heap that is .^O-day-old) is spread over the material and 
well mixed before it is watered, Though the mixing of the fungal 
and bacterial inoculum is a recommended practice, it is not strictly 
necessary as the farm refuses and soil_carry all the micro-organisms, 
needed for decoinposition. At the third turning, the heap is built 
on the ground outside the pit, and several such heaps may be 
joined together to save space and economise water, The compost 
is ready in about three or four months. 

During rains, or in regions of heavy rainfall, the compost may 
be prepared in heaps above ground that are protected by a pueca 
shel The heaps may be of any suitable size, not inore than 
3 m X 3 m, broader at the base than at the top, and ordinarily not 
more than 90 cm high, The best time to turn the heaps is when 
the temperature begins to fall. Each time the material is mixed 
properly, moi.stened with water, and the heap built up again. 

When sufiicient nitrogenous piaterial is not available a green 
manure or leguminous crop like .sunnhemp may be grown on 
the fermenting heap by sowing seeds on the heap at the first 
turning. The green material is then turned in at the time of the 
second turning, It may be sown again if necessary, and turned 
in again at_ the time of the third turning. The green manure 
supplies easily available nitrogen and helps to establish the 
desirable C-N ratio. 

The Indore Method suffers from the fact that it demands 
considerable labour and attention to details with regard to the 
construction of heaps, proportioning of the various ingredients, 
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frequent ituramgs, etc. Above all, it requires large quantity of 
water which makes the process unsuitable for areas of scanty 
ramtall. In such areas, compost making will have to be restricted 
to monsoon months only. Even then, special arrangements will 
have to be made to store rain-water. On account of the large 
quantities of earth which forms about 50 per cent of the weight 
oi the mature product, the compost is considerably diluted and 
Its nmurial value reduced. It also adds to the cost of prepara¬ 
tion, I he intense aerobic fermentation to which the material is 
subjec ed no doubt shortens the period of compo,sting,, but it 
leads to a heavy loss of organic, matter and nitrogen. 

Bangalore Method: This method overcomes many of the 
disadvantages of the Indore Method, The material i,s^ allowed 
to remain m the pit or trench throughout the period of de- 
compasition. fihis eliminates the necessity of turning and 
watenng the material now and then. As the trench is sealed off 
with mud plaster after it is filled, the water that was used in 
the beginning is sufficient to complete the proce.ss of decomposi- 

Its loss by evaporation, After 
the initial aerobic decomposition during the first eight to ten 

^ temperature,, tho material 

undergoes serai-anaerobic decomposition, Under these conditions, 
the decomposition is more gradual and slow and it takes a 
longer trnie, about six to eight months, for the finished product 
to be ready. As the farmer generally requires the compost once 
a year or at the most twice, once in khartf and again in rabi, 
the longer time taken for the manure to be ready is no disad- 
vmta^e.. Under this process there is less loss of organic matter 
and nitrogen and hence there is a greater production of compost, 
.the manure is at the same time more rich in nitrogen. 

of site for digging trenches and 

Mp t the Indore 

Method. The trench should have preferably sloping walls and 

oor. A, slope of 90 cm in the floor is sufficient to prevent 
waterlogging, The dimensions of the trench are about the same 
as mentioned under the Indore Method, A length of 6 m is 
sufficient for two pairs of cattle, 7.6 m up to five pairs, and 91 m 
up to ten pairs, It is better not to have trenches longer than 9 1 m 
Filling the Trench: All the farm refuse is collected and 

^ ®nhable, quantity, 

about 14-18 kg per pair of cattle, of the mixture is placed 
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under the animals at night. The next morning, the soiled bedding 
along with the dung and urine earth is taken to the trench after 
mixing them properly. The trench is filled by sections of 60-120 
era at a time, A temporary movable partition made of bamboo 
poles and cotton or m stalks is fixed in the trench at the 
shallower end at a distance of 60 or 120 cm from the wall, 
thus creating a miniature trench within the larger trench. The 
distance may be adjusted according to the quantity of bedding 
available everyday. The bedding is spread evenly in the section 
aftei* thoroughly mixing it with dung and urine earth. Water 
'equal to 1 or 1-1|2 times the weight of dry residue is sprinkled 
over it uniformly. Over-watering should be avoided. The section 
is filled in this way by spreading each day’s collection of bed¬ 
ding, dung, etc., over the previous day’s material till the heap 
is '30 to 60 cm above ground level. The filling of the section 
should be completed in about seven or eight days. The upper 
surface of the heap is made dome-shaped and covered with mud 
plaster about 2.5 cm thick. 

When the filling of one section is completed, the temporary 
partition is removed and a similar section made next to it. The 
new section is filled just the same way as the first and the top 
covered with mud plaster. The whole trench is filled in this 
way, section by section, till it is full. No turnings or waterings 
are necessary after it is once filled and plastered. The compost 
is ready in abou't six months. 

Manurid vdue: The manurial value of farm composts 
prepared by the two methods is shown in Table 21. The manurial 
value is, in general, equal to that of well-prepared, good-quality 
farmyard manure. Numerous experiments have been carried 
out to test the value of the compost in the field. In all cases it 
has given increased yields, the increase varying from 20 to well 
over 100 per cent over the control. It is used just the same 
way as ordinary well-decomposed farmyard manure. 

The greatest scope for the manufacture and use of compost 
lies in the numerous irrigation schemes where water is freely 
available. Its effect on crop returns is greater under irrigation 
than under average dry-farming conditions. When used in con¬ 
junction with inorganic fertilizers it not only gives much higher 
yields but also helps to maintain the soil in good healthy condi¬ 
tion for the fertilizers to show, their best effect. 

94 


Table 21. M'ANxiR.rAL value ok farm 
cent on dry matter) 


ORGANIC MANURES (OTHERS) 







HANDBOOK OF MANURES AND FERTILIZERS 


NIGHTSOIL AND SEWAGE 

Human excreta, both solid and liquid, have a high fertiliz¬ 
ing value, greater than that of animal dung and urine. Table 22 
shows their composition and manurial value, In China and Japan 
human excreta is highly prized as a manure, and special efforts 
are made to collect and store it carefully. The high fertility of 
the soils of these countries is attributed to the continued use of 
human excreta as manure for centuries. It is used either directly 
after diluting it with water or after composting it with faim 
wastes. 

Table 22, Manurial value of human exoreta 
(Per cent on original material) 


Manurial constituent 


Manurial 

constituent 




Moisture 

1 1 

1 75,0 

97.0 

Potash (ICO) 

0,5 

0.2 

Organic matter 

22.1 

2.0 

Lime (GaO) 

1,0 

0.3 

Mineral matter 

L2.9 

1.0 

Organic 



Nitrogen 

1.5 

0.6 

carbon (C) 

II.O 

0.8 

Phosphoric acid (P^OJ 

1,1 

0.1 

C-N ratio 

7.3 

1.3 


Attempts are being made, of late in this country, to utilize 
human faeces and urine as manure. Though urine can be used 
directly as such nightsoll cannot be used in the fresh state. It 
has got to be treated to make it innocuous and safe for handl¬ 
ing and use. There arc several methods of treating nightsoil for 
this purpose. They are mainly meant for the sanitaiy and 
hygienic disposal of the material. 

Poudrette system., In this system of disposal of nightsoil, 
the material is spread in beds or pits, covered with ashes, earth 
or any other _ absorbent, and allowed to dry. When spread in 
shallow beds it takes eight to ten days to dry. It is then taken 
out and allowed to dry further in the sun. When poudrette is 
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prepared in pits; the nighl.soil is spread in alternate layers of 
earth and it takes six to eight month,'!, .soinotimes evim longer, 
prepared has a fairly good fertilizing 
value (Table 23). However, it still possesses the offfin,sivo .smell 
wmeh militates against its more wide-spread use, Ilygieiiically 
also It is not quite innocuous and .safe for Iiinicliing, 

Table 23. Manurial value of pouohhtte 
(Per cent on original material) 


Manurial constituent 
Moisture 

Nitrogen ,. 
Phosphoric acid fP„0.) 
Potash (K,0) .. “ ;. 


Bed 

method 

1 Pit 

1 method 

28.10 

28,25 

1.12 

1.80 

0.68 

1.93 

0.94 

1.07 


Range of 
variation 


0.43-2..39 

m-m 

0.42-2.64 


manurial point of view, this syslenT is hlMiIv 

niltogen durins diy/nj eleinctft, more especially 

cariiiue'v2n or crude sewage consist.s mainly of water 

pem MBits of colloidal faecal “» 

so ita! f'iW Wore it ia fe, o„i 

method, the filter bed or pfreoSn method'' tank 

sludge method are tiif, ^aL . method, and the activated 

4. ■“ “ 

In tli septic taiT methnrl 

Sa1\cno&“ld^'^ “rotlC 
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air so that the decomposition takes place under supcr-aerobic con¬ 
ditions. By whatever method the sewage is purified the resultant 
products, viz, the effluent and the sludge, can be utilized as 
manure, as they contain quite good quantities of plant food 
ingredients. 

Raw sewage. Table 24 shows the manurial value of raw 
sewage. These figures are merely illustrative as the composition 
of sewage varies considerably. It is rich in all the fertilizing 
elements. Nearly three-fourths of the nitrogen, half/of the phos¬ 
phoric acid, and almost the whole of potassium are present in a 
soluble and, hence, readily available form. ^ It is used for irrigating 
crops either as such or after dilution with water, depending on 
the amount of solids in solution and suspension the raw sewage 
contains. Almost all crops have been found to-benefit by sewage 
irrigation, The' benefit derived by crops is due to the _ water 
as well as the plant nutrients and organic matter supplied by 
the sewage. 

Table 24. Manurial value of raw sewage and effluents 

OBTAINED BY DIFFERENT METHODS 

(Parts per 100,000) 



Crude sewage 

Effluent 

Manurial constituent 

b ^ 

S ^ C 5 

.S 1 .fi 

fQ i ^ 

Poona 

Septic 

tank, 

Calcutta 

Filter 

bed, 

Ca.lcutta 

.■A.ctivated 

sludge, 

Bombay 


Total solids 

80.40 






Solids in suspension .. 

23.80 

41.60 

92.50 

15,68 

7.12 

1.00 

Total nitrogen 

1.98 

3.85 

3.70 

2.45 

2.10 

2.85 

Ammoniacal nitrogen .. 

1.52 

3.20 

2.69 

2.11 

0.21 

0.61 

Albuminoid nitrogen .. 

0.46 

0.63 

1,01 

0.34 

0.23 

0.08 

Nitric nitrogen 

Nil 

0.02 

Nil 

Nil 

1.69 

2.16 

Phosphoric acid (P 2 U 5 ) 

1.75 


2.17 

.. 

. 


Potash (K„0) 

1.45 

* 

' * 

• * 

• • 

•* 
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Continuous irrigation with raw .sewage is, however, fraught 
with danger. It spoils the soil and increases the Imzards to liealth 
associated with the use of nightsoil, The colloidal .solids in .sus¬ 
pension choke the soil pores and bring about .stwage sickness in 
the soil, After the first few years, when it gives heavy yields, 
the crop begins to suffer for want of aeration. It also disturbs the 
distribution of the microbial population in the soil; the protozoan 
fauna iucrea-ses at the expense of the bacterial flora. Sewage 
irrigation should, therefore, be restricted to .sandy soils having 
good underdrainage. Low rainfall and a warm climate are other 
factors favourable for sewagR irrigation, Sewage-irrigated lands 
should be re,sted periodically to permit soil recovery. Heavier 
.soils need re.st more frequently than loams and other light soils. 
It should be used after dilution as far us possible. 

Sewage-irrigated crops are likely to be injurious to human and 
animal health. Great care requires to tie taken in the ease of fodder 
and vegetables which are consumed uncooked a,s they are likely to 
be in direct contact with raw sewage. 

In many cities and towns all types of industrial wastes are now 
disposed of by letting them in sewers. Thi,s makes the sewage en¬ 
tirely unsuitable for application to land. Many industrial wastes 
are known to spoil the soil making it saline, alkaline, or acidic. 
Unless the industrial waste has been pre-treateci to get rid of its 
obnoxious properties before it i.s let into sewers and gets mixed with 
dome.st,ic sewage, it is very ri.sky to utilize the .sewage for agricul¬ 
tural purposes. 


Sewage elHuent, When ^cnide .sewage is allowed to decompose 
either aerobically or anaerobically a part of the colloidal matter in 
suspension is turned into gase,s, a part is turned cry.stalIoid and goes 
m solution, and a part is thrown down as re.sidite. The residue is 
known as sludge and the liquid portion i.s known as effluent. I'he 
nature and composition of the effluent and the sliidgi! vaiy with the 
type of decomposition the raw sewage. ha,s undergone. 

In septic tank treatment where sewage is allowed to remain 
undisturbed in tanks for a time, it undergoes putrefactive changes 
as a result of the anaerobic decomposition. Large volumes of com¬ 
bustible gases containing methane and hydrogen are evolved, the 
albuminous substances are converted to ammonia, and the’fatty 
fubstances give rise to butyric acid. The effluent, though not as 
turbid aa the original sewage, still contains appreciable quantities 
or colloidal matter in suspension. 
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In the filter bed method, the sewage is allowed to percolate 
through filters, specially constructed for the purpose, when the 
colloidal matter undergoes aerobic decomposition. As a result 
of these changes, a part of_ colloidal matter is oxidised and 
disappears, a part goes in solution, and the rest becomes granular 
and is thrown down as sludge, leaving the effluent almost entirely 
clear. In contrast to the septic t,inl£ effluent _it has no foul 
smell, carries very little colloidal matter in suspension, and contains 
a large part of the nitrogen a.s nitrates, 

In the activated sludge process, where air under pre.ssure js 
forced through crude sewage, each, colloidal particle comes in 
close contact with a large amount of oxygen, as a result of 
which almost the whole of the colloidal matter is oxidised 
leaving very little as sludge. The supernatant effluent i_s as clear 
as water, and contains the whole of the nitrogen as nitrate,s. 


.Table 25. Manukial value of sewage sludge 


Mamirial constituent 

Raw 

settlement 
sludge, 
Delhi (on 
air-dry 
material) 

Septic tank 
sludge (on 
original 
material) 

Simplex- 
activated 
sludge, 
Delhi (on 
air-dry 
material) 

Activated 
sludge, 
Coimbatore 
(on dry 
matter) 

Moisture .. . 

6.68 

70.00 

i 13,.56 


Organic matter 

47.68 

19.00 

! 63,97 

64.10 

Nitrogen 

Pho,spheric acid 

3.14 

0.78 

6.91 

5.88 

(PA) 

1.68 

0.31 

3.08 

3.18 

Patash (KjO) 

» . 

0.12 

, , 

0.67 

Organic carbon (C) 

27.65 

. . 

,37.05 

•. 

C-N ratio ^ . 

8.80 


5,30 

- ' 


The compoisition of the effluents obtained by the different 
methods is shown in Table 24. The difference is very obvious. 
The filter bed and activated sludge effluents can be used for 
irrigation without running any risk, but the .septic tank effluent 
is likely to make the soil sewage sick. The safeguards and pre- 
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cautions mentioned for the use of crude sewage it]»ply to tin's 
effluent also if it is to be used for agricultural purposes. 

Sewage sludge. The .sludge can al.so be used as manure 
either as such or after diying. Its fertilizing value iic,s mainly in 
Its nitrogen, most of which i,s' pre,sent in ilie form of iminplpx 
proteins or albuminoids. The .sludge obtained Ijy the aw-oln'e fermen¬ 
tation is usually richer in nitrogen and pho.splmric acid tiiiui that 
obtained by the anaerobie decoiri|)o.siti(m. Table 2.5 illiistnitcs 
the nmiuirial value of sludge obtained by the diirerent methods. 

• compost. Thi.s method of di,spo.sa! of liiimun e.vcreta 

is suitable for towns and cities which have not ytff adopted the 
sewage purification system. Under tin's method, all town wiistes, 
like sweepings, garbage, household nibbi.sii, niglitsoil, etc,, are, 
collected and allowed to decom[iosfi in trendie.s by tfm Hiitigalort; 
method The maminal value of some of ihe.se iu:itf;riid,s, tmisenied 
in table 26, is quite high. 

Table 26, Average coMPO.smoN and manujuial vai.i;u of tow.n 

WA.STES 

(Per cent on original material) 



Town refii.se 

10 

251 12 

fl.fi 

0,3' 1,0 

0.4' 25 

Niglitsoil 

7,5 

19' 9 

1.0 

O.fii 0.4 

0,9 9 

Animal blood 
Skuighterhouse-waHle 

77 

19: 8 

2.6 

0 . 2 : 0 .I 

i 

0.4; 3 

(solids) 

75 

18' 3 

1.6 

0.61 0.4 

i 

0.6| 2 


Some of them like nightsoil, animal blood and slaughter- 
housewaste are rich in nitrogen and phosphoric acid and liave 
a narrow G-N ratio, while town sweepings and refuse are poor 
m nitrogen^and have a wide G-N ratio. All these wastes when 
cornposted in irencltes yield a first class, bulky, organic manure 
01 high quality. Phe manure so obtained is cpiite innocuous and 
safe to handle and apply to the soil, Large quantities of, town 
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compost are produced every year in the country by all Pavus 
and cities having the sewerage system. Many city muinVijiaiiiii’s 
utilize the crude sewage and sewage for im-paiiiig cdih. 

post from city refuse and other wastes. On juaioimc of ihi: 
difficulty and high cost of drying sewagi; sludge nuinici' 
palities utilize this residue also for preparing coiiijjust, Tin; 
compost so prepared is quite rich in hu'tiliziiig eiciiicois, Its 
nitrogen and phosphoric acid contents are on the whole miicfi 
greater than those of farm ctmiimst or farmyard niniiiu'e as 
illustrated in Table 27. In addition to the nwjor plant uiiirii'iits, 
the town compost is wfill'Supi)lied with iriicru‘nuirif;nis as shown 
in Table 28. 

Town compost gives veiy high yields of cruiis grown iiiuli t 
irrigation, e.g,, vegetal)le.s, potatoes, sugarcane, rice, papaya, 
banana, etc. The close varies from 11,20 to 22.40 tonnes i)r;r hec¬ 
tare for irrigated crops and to 11.20 tonnes for crops grown 
in .assured rainfall areas. The dose may he fiirthf;r reduced to 
2.24 tonnes per hectare in arca.s of scantly rainfall. It is wseti 
just the same way as ordinary farmyard manure*. It does not suiler 
from the drawbaclcs and defects [ioiiited out in the (‘ase of raw 
sewage and sewage eflluent. 

TAni.E 28. Miono-NUTRIENT CONTENTS OF TDIVN COMl'OHT 
(Parts per million on dry tnittier) 


ra 

f 



.. . . 

0 

tc 

7 ■ ! 

"fch 


Micro-nutrient 

uMiniiinau 

! . . 

Maxiiimiij 

TO , 


Uopper (Cu) 

.5.44 

illl.liO 

c 

cc 


Zinc (Zn) ., 

2 . 1 a 

i It.'lO 



Manganese (Mn) 

2.5,.52 

(102.20 

Ks 

La 

tie i 


Boron (B) .. ., 

0.04 

0,27 


2!1.47 
r ti.lH 
: .')B.74 
; 0.14 
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BIOLOGICAL FUEL GAS AND .SLUKKY 

When cellulosic substances, like plant residues, imimal dung, 
etc,, are decomposed anaerobically they produce large volumes of 
combustible gases, chiefly methane and hydrogen, In addition to 
carbon dioxide, Based on this principle, a satisfactory method 
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of producing fuel gas from cattle-dung under village conditions 
has been worked out,'A simple plant similar, to the plants used 
for digesting sewage for gas production has been designed which 
can be set up by any farmer at a, low cost, The gag can be 
utilized for cooking, heating, lighting and even for running gas 
engines aind pumps. The plant is simple to operate and requires 
no additional labour. 

The residual slurry left after degestion contains almost the 
whole of nitrogen, phosphorus and other nutrients present in 
the cattle-dung, and its manurial value is superior to that of 
farmyard manure or compost. This method of utilizing animal 
dung and other farm wastes is very economical as it provides 
fuel as well as manure to the farmer. 

FUEL GAS 

Plant 

Construction'. The plant consists of combined digester and 
gas-holder. A circular tank built of concrete or masonry serves as 
a digester in which the material is allowed to ferment, It is 
constructed partly, under and partly above ground. The bottom 
and walls of the tank are cement plastered, to prevent leakage of 
gas 03 ) liquid. A small square tank is built by its side .above 
ground to facilitate charging the digester. Its outlet is connected 
to the bottom of the digestion tank, _ , 

A drum, made of mild steel is inverted into the digestion 
tank and is kept floating in the fermenting liquid to collect the 
gas evolved, The drum is held in place by means of angle iron 
posts mounted on top of the tank. Pulleys, guide wheels and 
guide channels are provided to allow the drum to rise and fall 
with the accumulation, and consumption of gas. The gas is led 
from the gas-holder to the burner by means of pipes fitted with 
valves and safety traps at suitable place,s. 

A number of industrial concerns undertake tb supply pre-. 
fabricated plants or 'to construct one at site. 

Location'. The plant should be located somewhere between 
the house or. the place where the gas is to be utilized and the 
cattle shed or the source of water sujpply, whichever is convenient. 
It should be located so as to minimize transportation of dung 
and water as well as to economize the gas piping, It should be 
so placed as to receive the maximum amount of sunlight in order 
to maintain the fermenting ’ material at a high temperature. 
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Nearness to latrine is another consideration if latrine-wastes .ire 
utilized for gas production. 

Size'. The size will depend on the requirement of the indi¬ 
vidual or the number of cattle at hi,s disposal. It i.s e,stiniiited 
that the dung of three animals (about 50 kg) would give suffi¬ 
cient gas (about 2.8 m^) every day to meet the fuel re(]i.iirement.H 
of a farmer for cooking purposes for a family of five members. 
A dige.stion tank 3.6 m deep and having l.,5 m inner diameter 
ut top for its first 1.2 m and 1.3 m for llie lower 2,4 m is .suffi¬ 
ciently big to hold a daily charge of 50 kg of cuttle-dung for 
30 days. A drum 1.5 m in diameter and 1.2 in in height makes 
a suitable gas-holder for- the above digester. 

^ _ Charging the digestion tank: About 50 kg of cattle-dung 
mixed with an equal quantity of water is added to the .small 
tank from where it passes to the bottom of the dige.ster. A slurry 
made of about 50 kg of actively ferraenliiig dung obtained from 
another bio-gw plant or an equal quantity of sewage of septic 
tenk sludge is added to the digester to provide the inoculum. 
Gas production takes place in about a week or ten days wlnm 
another charge of about 250 kg of dung mixed with an equal 
quantity of water is added to the digc,ster through the small 
tank. As more gas is evolved, further quantities of clung .sluriv 
are added every alternate day till the diguster is full, ks iriore 
ps collects m the gas-holder, the drum .slowly risits, Tlie gas- 
holder IS suitably counterpoised to facilitate the collection of 
gas. When the gas is to be let out, the coimtenioise weights are 
removed apd the gas-cocks opened, When the plant is in opera- 

1 j u “ dung mixed with an equal quantity of water are 
added daily to the digester. An equal quantity of the clige.stod 
slurry comes out from the overflow outlet from where it is led 
into the drying beds. 

Effect oj climate: .The rate of gas production i.s usuallv 
greater m summer than in cold winter months when [Im produc- 
Don of gas falls down due to the fall in temperature. The opti- 

Keen "’axiraum gas production iie,s 

between 30 ancl 35 C, while at temperatures below 10'’G mis 
products practmally ceases. In order to incrM,sfi the production 

temferaturrof ^^he^?*^^^ ,^®cesaary to see that the 

t£ efZrf n.* 1 does not fall appreciably, 

iBe exposec^ or above-ground portion of the digester miiv li 
suitably insulated by providing a double-wail jacket and packing 
It with sawdust, straw, etc, Alternatively, the dung slurfy mS? 
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be warmed to 30® or 35"G before it is added to the tank by 
utilising a part of the gas, or the wall of the tank niay be heated 
by hot-water or hot-air pipes coiled round it. An actively ferment¬ 
ing manure heap stacked round the exposed part of the digester 
serves the same purpose. Similar arrangements must be made for 
heating the tank in cooler regions. 

Nature of gas. The gas consists of a mixture of methane 
hydrogen and carbon dioxide together with, small qu.mtities of 
nitrogen. Methane and hydrogen, which are combustible, form 
the major bulk, the former constituting 50-60 per cent and the 
latter 6-10 per cent of the mixture. The gas burns with blue 
non-luminous flame without smoke, and has a high calorific value 
equal to that of oil or coal gas. As it does not contain the poison¬ 
ous carbon monoxide gas, it is safe for use in houses and other 
enclosed places. 

Suitable burners with rose-head or other arrangements for 
spreading the flame are available in the market. When supplied 
at a pressure equal to 10-15 cm water-head it can be used for cook¬ 
ing, heating or lighting purposes. 

Digested slurry, The re.sidual slurry that comes out of the 
digestion tank h-as a rnanurial value superior to that of farmyard 
manure. It contains 2.0~2.4' per cent nitrogen (on dry basis), of 
which about 10-15 per (.icnt is in the foian of free ammonia. 
Almost the whole of the, ammonia is _ lo,st when the slurry is 
dried in the sun, bringing down the nitrogen content to about 
1.8 per cent. The dry slurry nitrifies readily and when tried 
on crops on' equal nitrogen ba,sis give.? better results than farm¬ 
yard manure. It should not be u.sed, however, in the wet con¬ 
dition as it, is likely to be injurious to the crop. When sun- 
drying is not possible as in rainy season, the wet .slurry may be 
used for composting farm wastes. 

‘Working and maintenance. The plant works automati¬ 
cally if the charging tank, the digested slurry exit pipe, and the 
drying beds are placed so as to have a downward gradient. It re¬ 
quires no additional labour, and very little attention is needed for 
its day-to-day working, Hence, the operation charges are low. 

The only maintenance cost is for repainting the iron struc¬ 
ture once a year and for repairs to the digestion tank, if any. 

OILCAKES 

Oilcpke is the residue left after the oil is extracted from 
oil-bearing seeds. It contains va^ing quantities of oil depending 
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Upon the procc,ss of manufacture employed in ireutliig the oilseed 
as .shown below: " 

Oil [per cm) 


10.-15 
8,,111 
,5 H 
1-2 

Ihe rnanurial value of oilcake Iie.s mainly in its uitrofien 
though It contains small quantitie,s of filio.sphnnis and potash as 
well It contains far greater quantitks of nitrogm ilum wellpiS 

nitrogen coiitem varies 
from 3 to wel over_ 9 per cent, depending on the typi- of oilcake, 
the amount of oi it contains, and the amount of Imll or husk 
present m it. Seeds, decorticated before extraction, give a product 
that ^ more rich in nitrogen than those which are not decorticated. 

the G-W ratio of oilcake is u.sua]ly narrow, being .3-15 
for most oilcakes. Because of this, ft nitrilio.s very readily. Nc.uly 
50-80 per cent of its nitrogen is made available in about, two 
to three months. J he rate of availaliility vaitcs with the typi- 
of oilcmke and the nature of the .soil. On the uliole (lilr-, e 

S Sntarte oi””"' 

oilcake undergoe.s decompo.sition in the soil. A.s it^■(■ ins -i 

“ “ “I'*'** 

A list of oilcakes together with the average amoimt nf iii'oin 
rial constituents they contain is given in Talib. 90 rut. i 
«wtimi. aclulteratJd with hi ^oi- 

riS val« CXu'bf'ill "I" '*'• “ 

and <h.y show .hei, affec, in . 

1(17 


Frocm of nmnujncluri: 

Country ghmi 
Hydraulic pre.ss 
Expeller 
Solvent 








Table 29 . Average percentage cosiposixion of oilgak.e . 
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in the dark-green colour of the leaves. Unlike bulky organic 
manures they have no residual effect. As edible oilcakes tire 
valued more as cattle feed they are urteconomical for use as 
manures. The non-edible oilcakes offer a useful sourcii of otgaiiic 
nitrogenous rnamires for increasing crop yiekls. 

Castor cake is a non-edible oilcake and decompo.ses comjuira- 
tively slowly. The rate of availability of it.s nitrogen is less rapid 
than that of groundnut cake. It,s effect is, therefore, more lasting. 
In South , India, white castor cake ha.s been found to be .superior 
to the black variety. Its rate of nitrification is even greater thau 
that of groundnut cake. Castor cake is said to be a good vorniioide 
against white ants. 

Coconut cake is seldom used as manure, except when it be¬ 
comes mouldy or rancid and unfit for feeding cattle. 

Cottonseed cake should form a very luseful manure, a,s it i.s rich 
in nitrogen and phosphoric acid. It also nitrifies readily. Its us(> 
18 , however, very limited. 

Groundnut cake is very popular with our farmers as a concen¬ 
trated organic manure. Not only does it contain a very high amount 
of nitrogen but the availability of nitrogen is also very high. Though 
the rate of nitrification varies with different soils, it nitrlfic.s to a 
greater extent than other oilcakes in almost all soils. 

• take,s a long time to 

nitrify. When used as manure, it has got to be applied to the soil 
two to three months ahead of the sowing time. 

Rapessed or sarson cake is , very popular in the north a.s a 
concentrated organic nitrogenous manure. It compares favourably 
with castor, cottonseed, karanji til and neem cakes us far as nitrifi¬ 
cation is concerned. 

Karanj and neern cakes are non-edible and are used exclusively 
M manure. Linseed and sesame cakes are prized more a,s cattle 
leed and are seldom used as manure. Generally the undecorticated 
variety of safflower cake is used as manure. As compared to ground¬ 
nut cake it is rather slow to nitrify though not as slow as castor, 


Bones form an important source of manure. Ordinarily they 
are rp,duced to powder before they are applied to the .soil a.s matlure, 
ihe finer the powder_ the more easily its manurial constituenis .be- 

' r smaller than 2.3 mm in size are con¬ 
sidered suitable for use as manure. 
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Bones consist of calcium phosphate together with some organic 
matter consisting mainly of fats and proteins. _ Hence, these are a 
good source for the .supply of lime, phosphoric acid and nitrogen. 
The presence of fat hinders the process of decomposition. There¬ 
fore, bones are sometimes first treated with steam to remove fat 
before they are crushed. Steamed bones are more brittle and easy 
to crush, and at the same time they decompose more readily than 
the raw bones. Steaming, however, removes a small proportion of 
nitrogen and, thus, reduces the nitrogen content of the treated pro¬ 
duct, but increases its phosphoric acid and lime contents. It also 
increases the citric solubility of calcium phosphate. 


Table fiO. ISI .specifications for bone-meal 




Raw 

bone-meal 

Steamed 

bone-meal 

Moisture, per cent by weight,, max. . •! 

8,0 

7.0 

Total nitrogen, per cent by weight, min. .. | 
Total phosphates (as PnOr,), per cent by; 

3.0 

22.0 

weight, will, 

Available pho,sphales (as P/GJ, soluble in 
per cent citric acid, per cent by weight, 

20,0 

fflin. 

8.0 

16.0 


Particle size—In the case of raw bone-meal, the material shall pass 
wholly through IS sieve 240 (aperture 2,399 microns) 
of which not loss than 70 per cent shall pass through 
LS sieve 80 (aperture 790 microns), 

In the case of steamed bone-meal, not less than 90 
per cent by weight of the material shall pass through 
IS sieve 120. 

Most of the bone-meal sold in the market _consists of crushed, 
unsteamed raw bones. Its nitrogen content varies from 3.5-4'.5 per 
cent, total phosphoric acid from 18-25 per cent, citric-soluble phos¬ 
phoric acid from 7-9 per cent, and lime from 28-32 per cent. It 
ha,s practically no potash, Its G-N ratio^, varies from 3.5-6.0. 
Steamed bone-meal contains 1-2 per cent nitrogen and correspond¬ 
ingly greater amounts of phosphoric add and lime. The Indian 
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Standards In.stitulion has laid tlmni .sjaHiliruliwiK for iviw and 
steamed boniMnoal as shown m Table 30. 

Bone-meal is es.seiitiallv a jiliiipphutic fmiilb,!- Its f.llrciive- 
ne.ss IS memi.sed hy the .small amoiml i.f nitrogen and odier e-smti-ii 
major and minor p uu mitrieut, pmsmi h, p, ' 

maijum IJeratmg the p ant nutrim.ls i„ available l,mn mmv 'S 
dually. It LS p.uticuliirly suitable ior acid .soils or soils rich’in 
sesqmoxidos, and does better on light, well-tlrained soils th , 
good .uration, Ihnngh it can be used for all no,is it i n i 1- 
usefiil for paddy, fruit trce.s and other irrigalud crops, U 1' 1.'. 
applied at the time of .sowing or plnnting the ero,), 'rbe dose v nii's 
with the plULsphato requiranent of the iiru]j. ' ' ■ 

I'TSH MANlJKb; 

. '10 important smiiia! of maiiure iis tlii,v eon 

tarn both nitrogen and phosphoric acid, Nitrogen is ,ir s.u r 1 
as protein and piiiLsplionc aciil „s calcium phaspluile bod! l|‘^ 
readily nv.iduble on decomposition in the soil Tish is gener-dlv 
dried bo ore it ,s .sold u,s manure dunigl, occasionally frel s| 7 
alw iLscd for niaimrmg crops wherever lorn ly available Pish is 
8ometime,s mixed with common salt before it isdri 1 1 1 

so obtained contiiirLs varying ciuaiilities of n ■ l’“ '"“ t 

6Arich i,, „ii s ty, r,': 

Z If the lish r(nu,ains^ e 

pi.j cent oil, ii decomriosiLs more slowly ' ‘ 

per cent and phcLsphorii; aiddLn'fi-^d i,™ I" oyer 10, 

tent is very low, round iibout 1 per cent Its 'N • ti‘ 
ween 4 and 5, ** ^'‘‘“'■'i fii't- 

Ibe use of fish as niiumre is nistricied iiiabtlv i,, e,,,. ,. i 
on account of the high co,si of rmisimri m I 

applied to all (;rop,s and ha.s been found verv 1,1, i r'r 

fruit tree,s, It is usuallv nnwrle • ,i i, and 

planting. It is a quiclc.4tini? LnJ 
planting or as a to^dreiin/ ‘ 

GUANO 

Guano is the dried excreta of sea birds h -.L,-, • , 

and oi £ V ci,;,“ Ti, a 
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fairly concentrated fertilizer, containing nitrogen and phosphoric 
acid The nitrogen content varies from 7-16 per cent and phos- 
Xric acid troin 8-12 per cent. Some guanos are very rich m 
Shosphoric add (20-25 per cent) but poor m mtrogen (4-6 per 
cent). Most of 'the_ nitrogen us present as ammonium salt and, 

hence it is immediately available. , , , 

Deposits of guano are found on islands or on the mainland 
along the'coasts of North and South Americas and other islands 
in Ifie Pacific, but none in India. This manure is not available 
in the country at present. 

OTHER MANURES 

' A number of other materials chiefly by-products of small in¬ 
dustries are offered for sale as manure. Most of these are avail¬ 
able in small quantities and are locally utilized wherever they are 

prodimed.^ yood. It is a very useful manure, containing 10-12 
per cent nitrogen and 1-2 per cent phosphoric acid. Its potash 
content is usually less , than 1 per cent, and its G-N ratio varies 
from 3 to 4. Dried blood that is black in colour usually contains 
less nitrogen than the dark-red variety. It decomposes very easily 
in the soil and its nitrogen and phosphoric acid soon become avail¬ 
able to plants. It can be used at any time during the growth of 
the crop and is effective on all crops and all, types of soils. 

' Slaughter-house waste. It consists mainly of waste meat, 
Intestines, offal, etc., and has a good manurial value_ (Table 26). 
It is practically wasted at present, though some municipalities use 
it for compost making along with nightsoil and town refuse, If 
dried and ground it should make a very valuable fertilizer con¬ 
taining 8-10 per cent nitrogen and about 3 per' cent phosphoric 
«icid* 

Hoof-, and horn-meal. This is a by-product of slaughter- 
huuse.s, and is obtained by grinding the hoofs and horns of animals 
after drying. It contains 10-15 per cent nitrogen together with 
small quantities of phosphoric add (1 per cent) and lime (2.5 , 
per cent). Its nitrogen becomes readily available though not as 
readily as dried blo(^. 

Wool- and silkworni-wastes. Wool-waste is a slow-acting 
manure and contains 4-7 per cent nitrogen and 1-5 per cent potash. 
It , has , been found to give good results, with potatoes and other 
vegetables, , ■ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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Silkworm-waste contains nitrogen up to 10 per cent and it 
decomposes fairly quickly. Both these wastes have local use where- 
ever they are produced. 

_ Tanncrr refuse. ^ This is a by-product of the leather tiiuning 
industry _ and is sometimes offered for sale a.s manure. It consists 
of scrapings of _ flesh, bits of hide and leather, hair, etc. It fonns 
a veiy slow-acting manure and is also a poor source of manurial 
mgredicnts, containing 0,8-1.2 per cent nitrogen. Though leathe 
.shavings contain oyer 8 per cent nitrogen, they arc diffumlt to le 
compose and remain as such for a long time in the soil. ' ' 

siich as ansenS aS’filer!tTrirof 

PresHimid. Also known as filter-pre,ss cake, this material is « 

rptii, Mit'" “"‘“s “p 

oTiTtt ".4 

4-5 per cent pho.sphoric acid, 2-7 ner cent nt)Lh ni l 

sS pS - - s 

“vtS tan 

P» a™ ».d po,.,h from 0,3-0.5 ior Jt, 

Ta.U! 31, Mupaui VAIOE misobuato, wAsres 



Cotton 

Tobacco 

1 Toliucco 

Siicrarcnnp 


waste 

cliwt 

; Stalk,s 

trash 

Nitrogen 

Phosphoric acid (P„0. j' 
Potash (KnO) 4 

- 

1,0-1.5 
0,4-0,8 
1.6-2,9 

; 1.10 

0.31 

, 0.93 

1 

1.12 

0.84 

<1,8(1 

0.3-().4 

0,I..-().2 

0,4-0,7 
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a bettor inanurial value, its nitrogen varying from 16-1.8 per cent, 
pho,Hphoric acid from O.3-0.5 per cent and pota.sh from 1,1-1.7 

Miscellaneous >va.stes. The manuriiiU'aluf; of smne of the 
other waste.Si .soinetiines used as manure, is shown in lable 31. 
They are more suitable for compost making than as straight manures, 

ni(;ht,soil and uiune 

The qriantiiy and composition of human excreta vary con¬ 
siderably-, In villages they depend upon the miinkr of people, 
their social custom and dietary habit.s, and the facilities ayailable, 
if any for collectin,g the waste products, In towns and cities the 
quantity and quality are affected, in addition to the factors 
mentioned above, by the systeni of disposal adopted by the 
municipality, indirstiial wastes, if any, etc. An idea of the 
quantity of human faeces and urine excreted and of tlie inanu- 
rial ingredient.? coiiluiiiecl in them can be had fioin the data 
presented below, 



Weight in g per head pur day 


Faeces 

Urine 

Quantity, fresh 

Quantity, dried 

Nitrogen 

Phosphoric acid (P,j.OJ 

Pola,sh (K.jO) 

133.00 

30,30 

2,10 
, 1,54 

0,73 

1,200.00 

64,00 

12,10 

1.80 

2,22 


Urine is more important of the two, as it contributes a greater 
amount of mamirial ingredients and at the .same time contains them 
in a soluble and hence readily available form. 

In villages there is considerable wastage of both nightsoil 
and urine, The nightsoil is left expo.sccl to the direct action of 
sun a,nd micro-organisms. Ammonia and other gases formed 
during exposure arc lost by volatilization. Some of the animals, 
especially pigs, eat the .solid portion of the excreta. Inefficient 
collection methods also add to this wastage, 
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The bisst way of coiiRcrviiig iiighlsuil is to collect the mate¬ 
rial carefully and compoNt it by the Bungalore Method, In 
villages Wiudhii type rif latrines should bi! [noviiled in fiidcls, 
■ Attention .sIkjiiIcI also he jwid to the elliia'crit l•^ilh■ction of urine 
for mfinurial piupoHcs. 'llm Pitnjuli AHTii'iiltural Depiirtment ha,s 
inve,sti,gated the methods of cnnservatioii of urine ;ind designed 
a utility nrinu], the AKro.siui urinal, which is recommended for 
geiieml ns<‘ in uriuni an,-as. In LJitiir Pradesh, Midiara.slitra, 
Gujarat, Delhi anti otlirr plaats, with cerlitiu imjjrovenients, it 
has been found to lie very suitable for urlmu centres, 

'I'lie siniphisl method of iireserving hiiman nriiie is by the 
pit method and this is quite .siiitablit for .small lotvics and villages. 
A pit (l.p ni X n,!) in X (),!) m is dug a| a i iiiiable [ilace and Ullwl 
with iiltermiti! layers of thy mfirse anti earth respi-ctively, till the 
last layer remains ,') em imltiw ground level, This is then 
covered with 2„T cm layer of dry earth, IVlam the urinal Is 
used the urine wilJ^soak into the absorbent intiteriai. If iimperlv 
used there will neither be any foul smell nor development of 
unhygiimic cniitlilitms, Wlieri the soaldiig material i,s .saturated 
with urine, the upper laym' of eartli will appear moist and there 
will he n smell of iimnionia, 'Hien the pit shtmltl he (nveretl with 
an additional layer of loose eiirlli. After the closure of tht! first 
pit similar operations .slionltl he eontiniieii in n .second one, The 
maiiurtr tif tint first pit will lie ready for apidicatioii to fields 
in aliout two monih.s alter closure'. If steps are taken tet (conserve 
the mine voided hy tlm popiilatiiui, more than I,,^ nnllion tonnes 
of nitrogen, an equal quantity of jioiush and tlnec Itikli tnimes of 
pho.sphoric acid cun im conserved in a year, 

(lONSTRUGTION AND USE OF LATRINES 

Wnrdlia type. The Wardha lyjie latrine consists of two 
separate part.?, tlm trench and the super-structure 

For every unit structure there are two lrenclie,s of similar 
dimensions for use in relay. When one is in n,s« tlm other may 
be excavated after the inanure is ripe. The inlcnial dimensions 
of the trenches (after bmk-Immg] for six seats are 6 m leugtii 
^ ^ 120 cm depth. Each is 91) cin imdergmund 

and 30 cm above ground. The trenches should lie constructed as 
desenbed below: 

A ireridi fi.-l,') m long, I,(Pi u, broad tmd II,fl m deep is 
dug, Its entire bottom is laid with 11,2.^ cm Iiriidis on edge with 
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lime and mortar. Over this, a 22.5 cm brick wall is constructed 
in lime and mortar all around with a 7.5 cm offset on all sides. 
The wall should be built 30.45 cm above ground (0,9 m under¬ 
ground). 22.5 cm cross walls at a distance of a meter (centre 
to centre) are also constructed. A similar trench is constructed 
a few meters apart from the first. The,so trenches should be con¬ 
structed together with u central common 30-45 cm thick wall. 
Mumm is spread and properly dressed to a width of 10 cm all 
round with a .slope of 1 in 2. 

The .super-structure conHi.sts of fly-proof platform on top of 
the trench and shiftable enclosure with partition walls, doors 
and roof con.structed in two units, each 3 m in length, 

_ Two 11.25 cm diameter teak bailies, each 6,08 m loiig 
(divided into: two pieces of 3.04 m length) are placed along 
the length of the pit at 71.5 cm in centre for supporting the 
wooden platform and squatting .seat. The platform can be made 
from the side cuts of the teak logs. Thu joint.s of the teak planks 
should be air-tight. A 22.5 cm X 60 cm opening .should be pro¬ 
vided for each seat, Over the opening is fixed a fly-tight cover, 
30 cm X 60 cm, with hinges and handle for lifting. This rests on 
2.5 cm wooden groove made in a plank 3.75 'em thick. The 
platform may be constructed in two parts .so that it can be easily 
lifted and fixed over the trench. 

The super-.structure consisting of wooden batons, bamboos 
and bamboo mats^ can be a light and closed typo constructed of 
four wooden ballie.s with small wooden supports for resting it 
on the ground. Each latrine seat must be closed on all sides, the 
front being used as the door. A suitable lean-to-roof must also 
be provided. Bamboos and matting should be coated with creosote 
or tar to protect against weather and damage from white ants. A 
live, hedge of 1.2“1,5 m height may be grown around the latrines, 
_ The estimated cost of this structure, inclusive of trenches, 
IS about Rs 750 per unit of six seats for 60 persons'at the prevail¬ 
ing (1960), eosf of materials, 

Before the latrines are brought Into operation, a 7.5 cm 
layer of refuse (garbage, grasses, leaves, spoilt straw, weeds, trash, 
etc.) should be spread at the bottom of the trench and a stock 
pf refuge or dry^uarth bo left near each privy for daily use. 
the trench should _be put out of use after the materials have 
nsGii to a iieig^ht within 15 cm from the top; the super-structure 
IS then shifted to the other trench. 
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One trwicli of the jibove size will bo siiflicioiit for fi0-!l0 jjor- 
.sons for nearly three months, .Separate unit.s should bo allotted 
for men and women. 

Water seal type. This is designed for the lliisli-out of 
faeces and urine into compost pits closely. 

The de^sign provide,? for a brick work (stones or other 
matm’iuls rcuiining wall). The squatting plate for the closet is 
6.5 cm X 6,5^cm in RCC with foot-re.sts. The length of the 
pan or (;lo.sct is 42.5 cm with 30 cm width at its back and a 
P-trup of 7.5 cm diniiniter is used. A 7.5 ern diameter pifie of 
stoneware leading to the pit is laid to a gradient of 1 in 20 for 
easy and free flow. The nightsoil composting is done in two pits, 
ciich 1.2 m X 0,9 m X 0.9 m; these are used alternately. The 
pits sliould _ be located above _ the ground water-level, The pit 
should^ be lined with diy packing of bricks or rough stones, if 
the soil met with is loose and covered with fly-tight .G.I, cover 
over C.W, joints, 7-5 cm X 7.5 cm, laid Iengthwi.sf; and lircadth- 
wise whh a hinged door opening, 45 cm X 45 cm, for adding re¬ 
fuse. This opening should also be provided with tight fly-proof 
cover with a handle and bolt. 

The water seal closet should be encIo,sed by a temporary struc¬ 
ture of bamboo posts with bamboo matting and a door at front 
for entry. If the temporaiy enclosure has to be enlarged to an 
area _greater than 45 cm, the peripheral portion between the 
retaining wall and the enclosure should be protected from dmiiagc 
by white ants, 

^ Tho approximate cost of the liitrine will be Rs 100 to 125, 
including a brick enclosure wall. 

Beforp the latrine is brought into operation a 7i,5-cm-laypr 
of refuse (garbage, grasses, leaves, spoilt straw, weeds, trash, etc.) 
IS spread at the bottom of the pit and a stock of refuse and 
some earth left near the pit for daily use. 

During the operation one of the compost pits is connected 

to the flush-out system, while the other is kept clo.sed, The 
village sweeper or scavenger is expected to look after the proper 
maintenance of the flush-out and also spreading nibbish and earth 
over the collected faeces in the pit daily or once in two days to 
avoid _ fly nuisance and ensure proper decomposition of the waste 
materials m the pit. By the daily addition of rubbish and small 

quantity of earth to the pit at the rate of one basketful to cover 

the faeces, including washed liquid from the flush-out collected 
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therein, the entire pit can be iillecl (luring the course of five 
to six months, Thus, each pit will yield ultiriiiUely ripe CMiiimst 
of not kiSs than half a tun for a hoirsehuld of live ineiiibeis. 
When the first pit is almost full tlie entire niateiial is raked 
up and covered with 5-cm to 7.5-cm-layer i,if earth and the pit 
closed with concrete lid, The material is allowed to undergo 
further deconipo.sitic)n for a [leriod of (uit' inunlfi^ uikI tiien I'e- 
moved for use as manure. After the first pit is filled in this manner, 
the second pit is connected to the llush-oiit and the u|jeraUon is 
repeated as in the case of the first one. By the time the second 
pit gets filled up the first pit is ready for further use, 

NIGHTSOIL COMPOST 

Composting of nightsoil and other wasN; materials may be 
carried out under ueroliic and anaerobic coiiflitiuns. J'lm iirepara- 
tion of nightsoil and otiier composts is eftected in a much shorter 
period under aerobic conditions without iiruduction of objection¬ 
able odour than when the matiirials aiv allowed to di.-(;onip(jse 
anaerobiciilly. In the utiliaution of human and other organic 
waste.s for composting due attention should hi,’ paid to their 
proper handling and processing to avoid incidentie (if facoal-Iiorne 
disease.s. 

Preparation of (ionipo.sl. In the varimis mctiioclH followed, 
provision of optimum conditions should he provided for the acti¬ 
vity of the niicro-organi,sm,s responsible for the hreiikdowu of 
the coarse plant and animal residiUiS. The Indore Method, 
mainly aerobic and involving two or ihii'c tuniings of mattu'inls, 
is being adojjted in India ami other countrieK witli .suitable 
modifications for preparation of (piality comijcwt from luiuiii and 
other wastes, including nightsoil. Tim iuaniifac.tm'e of compost on 
a factory scale by mechanizing the process i.s also curried out 
in western countries and Japan, Beccari’s niedianizeil proci'ss is 
the most important one. Here comiiosliiig is done iiiiliaily 
under anaerobic condidons, followed by a linal aerobic stage in 
an enclo,sed cell to minimise the nuisance dim to foul simill pro¬ 
duced during the anaerobic decomposition of the waste mali,'rials. 
Its modified version with facilitie.s for belter aeration and etficient 
circulation of drainage licjiiors or gasi's i.s at present used in 
some countries in Europe. But a mechanized protasss involving 
heavy expendituro may not prove economical under the Indian 
conditions, except perhaps in big cities and towns, 
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Eftsenlials for good coiiipo,sting. 1. _’Ihn availalihi w'usKt 
materials used should he well mixed in suitable pn.iportioiis ol 
hard, .soft, dry and green materials to form a good physical texture 
for maintaining cniitinued optimum conditions of moisture and 
aeration. A good comjiost is prepared from a heterogeneous niajf,s 
of vegetable and animal residues rather tliaa from a .single 
material, _ , 

2, The presence of an optimum quantity of water is esst'ii- 
tial for lh(.i activity of micro-organisms which hrin.g aland tiie 
decay of the raw materials. The moisture content of the i.;(UHpi).st 
mas.s should be kept at 4.')-,')0 per cent, This is pos-dlde it lire 
proportion of nigiilsoil of right consistency and itilibish is 
1:1 hy weight or 1:3 by volume, Sullage or sewage water may 
also Ire used for weltin,g tire, riil)i,)i.sh to the ivquimd level, 
wherever po.sHible, As rough guide to the moi.stuni content, tire 
material when siiiieezi’d in the hand should fail to form a bmil’ 
or in other words should form a ball which will .slowly e.x].iaiKl 
like a sponge when tlie pressure is released. 

3, Proper aeration of the material, e.s])(,iciully during tire, 

initial .stages of eomijosting, is a.s essential a.s the proper ^moisturu 
content. The decay of organic matter in a coni,po.st pile is mainly 
due to aerobic anti anaerobic bacteria. Decomposition brought 
about by the former is much quicker and has certain advantage,s 
over the latter especially during tlie initial stiige.s. Anaerolric^ de¬ 
composition .sometime.s results in a product which may Ire piirlially 
decomposed and foul smelling. In a properly aerated roniirest 
pile, an initial liigh temperature of about (,1 is obtained, 

It disiroys most of tire weed seeds and harmful pathogenic micro- 
organi.sms in tlie compost material 

4, 'To bring about immediate and vigorous tlecompo.silion 
it is essential to inoculate the raw matcriids with a starter. 'Thin 
will provide enougli organi.sms along with the nutrienl.s rmpiired 
by them. Cowdung, urine, earth, nightsoil, sewage .sludge and 
fennented jarm,yard manure are .some of the commonly ;iv-idhihle 
starters. Pig-dung has been found to be an eflicient Htarlor which 
gives a final product rich in nitrogen, Many patented bacterial 
compost-starter cultures are sold in the market, Init these have 
not become popular in our country .since the commonly available 
cattle-dung, nightsoil and other starters mentioned above are 
equally efficient, 

The amount of ^starter to be added depends on the nitrogen 
content of the material and the kind of .starter iised, .As a general 
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rule, the nitrogen content of the prepared piles should be about 
1.25 per cent of the dry matter. The nutrients for the bacteria 
may also be supplied in the form of fertilizers, urine, ash, bone- 
meal, etc. Their addition accelerates decomposition and produces 
a better product. 

5. Acidity in a compost pile may be corrected by addition 
of the required quantities of agricultural lime or wood-ash. Soil, 
when added to the raw material while composting, serves as a 
buffer against acidity, 

6. When all the aforesaid factors are favourable, bacterial 
action will be vigorous and the temperature of the compost mass 
will rise up to bO^G within three or four days from start, In 
practice, a rise in temperature may be taken as an indication 
of proper progress of decay of the material. 

Apart from these factors attention should also be paid to 
the following points in the manufacture of compost with high 
manurial ,vake 

The salvaging of rags, tin cans, glass pieces, stone, etc., 
which are of no use for composting is necessary for the produc¬ 
tion of quality compost. ^ 

The control of flies in compost mixtures of refuse and night- 
soil can be achieved by covering the heaps or pits with a 23 cm 
layer of dry refuse, followed by a 5-cm layer of loose earth. Ply- 
breeding in compost heaps and pits can also be arrested by covering 
them tightly with tarred cloth, taking care to seal the cloth tightly 
around the edges of the pits or heaps. The same tarred cloth can - 
be used a number of times without involving much expense. 

Preparation of nightsoil compost. Of the various 
methods advocated for preparation of nightsoil compost, the 
Bangalore Method is the mo.st economical, simple and sanitary. 
It is already being followed in several states in our country. 

The site selected for the compost depot should be situated 
about a km away from the outskirts of the town on the windward 
side. Composting, ■ according to Bangalore Method, is preferably 
carried out in trenches with longer sides, parallel and shorter side,s 
in a line. An interspace of 1.5 to 2.1 m between successive trenches 
or heaps should be left for easy handling and watering of the rubbish, 
The size of the trenches should be regulated according to the popu¬ 
lation and quantity of refase as follow,s: 

_ A layer of rubbish free from stones and glass pieces is spread 
uniformly at the bottom of the trench with long-handled rakes to a 
thickness of 22.5 cm and covered with a calculated quantity of 
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nightsoil corresponding to 7.5 cm thickne.ss and equivalent to the 
weight of the rubbish used (The actual number of cartloads of dry 
refuse and nightsoil required for each layer may be worked out 
according to dimensions of the trenches or heaps). Succeeding 
layers of dry refuse and nightsoil are similarly added till the heap 
rises 45 cm above the ground level, The top layer _ at the end of 
each day should be about 22.5 cm thick refuse, I'his may be _(:ov- 
ered with a 1.25 cm to 2.5 cm layer of earth to suppress effectively 
the bad odour, conserve the moisture and nitrogen in the compost 
mass and for checking the fly nuisance. Where nightsoil cannot be 
had in sufficien' quantity for treating the available rubbish, the pro¬ 
portion of two parts by weight of rubbish to one part of nightsoil 
may be adopted instead of equal weights of each. 


Population (in 1,000) 

Length (m) 

^ Breadth (m) 

Dijptli (m) 

Below 5 .. 

4,5 

1.5 

0.75~n,9 

5-10 .. 

6,0 

1,8 

O.f) 

10-20 

7,6 

1,8 

(1.9 

20-50 .. 

Above 50 

9.1 

10,6 

2.1 

2,4 

f),9 

1,0,5 


Within three or four chiy.s after filling the trench, high tem])!’- 
rature (over 60"C) is developed in the compost mass ana as it 
persists for two to three weeks, pathogenic orgcini,sni.s and weed .seeds 
are destroyed to a great extent. 

The .surface of the heap may be made dome-shaped and covered 
with a 2.5-cm to 5.0-cm layer of earth five or six day.s aftiu' 
laying the heap. After a period of five to six montlrs the material 
within the trench is found to have thoroughly decomposed. I'he 
final product, if properly prepared, will be of high manurial value 
and superior to farmyard manure. 

In places receiving heavy rainfall or where water-table is high, 
the compost heaps may be prepared above ground instead of in 
trenches, All vegetation should be removed as also the top 
22.5 cm soil to make a shallow pit. The .soil removed can be 
used later for plastering the pile or for interlaying when tin: pile 
IS built. The pile should be 1.2-1,5 m high, 1,8 m wide and 









3.6 m long and should have sloping sides. The length of the 
pile iHEiy bo IiicrcEised to suit recjuireincnts, Keeping ibe width find 
height the same. 

' The decomposition will be complete within five to six months. 
The finished product will be dark-brown in colour, crumbly in 
texture and has the so-called characteristic woody odour without 
any unpleasantness about it. The conipo.st prepared may be ap¬ 
plied to soils in the same way and in^ equivalent doses as_ cattle 
manure. It can be supplemented by nitrogenous, phosphoric and 
potassic fertilizers, depending on the crops to lie manured and 
fertility .status of the soil. 


CHAPTER V 

FERTILIZERS 

GENERAL 

Clas.sification. Nitrogen, phosphorus and potassium are jmporltini 
elements, and are required in large quantities by crops, These are 
most commonly deficient in soils. Therefore, concentrated fertili¬ 
zers of each of these nutrients and ^mixtures of single nutrient 
fertilizens are manufactured and applied to the .soil to raise the 
fertility of the land. The modern terminology ba.sed upon compo¬ 
sition is N, NP, NIC, PK and NPK fertilizers, where N stands for 
nitrogen, P for pho,sphorus and K for potassium, Fertilizers whiclt 
contain only one plant nutrient are termed ‘straight fertilizers’ as 
distinguished from ‘ compound fertilizers ’ which have two or more 
plant nutrients, Most of the fertilizers are applied in the form of 
solids but some are applied as ‘ solutions Of the latter class 
are anhydrous ammonia and ammonia solution, especially those 
containing ammonium nitrate or urea. The,sc are impartant .sources 
of nitrogen for .solid, mixed fertilizers. 

General characteristics. Fertilizers Inftiiencc- the reaction of 
the .soil. Accordingly they are classified as: («) acidic or acid 
forming, {b) neutral, and (cj basic or alkaline fertilizers, For 
instance, ammonium sulphate is an acidic fertilizer. When con¬ 
stantly applied to neutral soil it will .show a tendency to turn the 
soil into an acidic one. Ammonium nitrate is a neutral fertilizer. 
It neither turns the soil acidic nor basic. Sodium nitrate is a 
basic fertilizer and its continuou,s use on some of tire soils turns 
them alkaline. It i.s only by the contirmous us(? extending over 
long periods of time that such effects are manifested in the soil. 
It is, therefore, common to recommend the u.se of approiiriate 
fertilizers which will suit the soil and bring its reaction as close 
to neutral as possible, becamse all eloinente essential for crop 
growth are mostly available at neutral reaction (pH 7,0), Besides 
the reaction of the fertilizer there are other more potent factors 
which modify their action. In light soil where irrigation facilities 
exist or there is adequate rainfall the use of sodium nitrate may 
not produce alkalinity. But sodium will accumulate r;i]jidly in the 
soil if the soil is heavy and the rate of infiltration is low, 

To be effective the fertilizer ^.should not liquefy, cake or be¬ 
come sticky, In order to flow easily through the drill, the fertilizer 

■ r 123, 







HANDBOOK OF MANURES AND FERTILIZERS 


should be dry, its particles spherical in shape and uniform in size 
and should not stick to each other. The granulation of fertilizers 
is now common for straight, as well as, mixed fertilizers. The 
fertilizers should not be so acidic as to destroy the bags, 

Some fertilizers, such as ammonium nitrate, arc very hygro¬ 
scopic in nature and rapidly absorb moisture, particularly during 
the monsoon season. Either their hygroscopicity i,s reduced by 
addition of a ‘conditioner’ or they are stored in moisture-proof 
bags. Alkathene-lined bags have become popular for this purpose. 
Lime is added as a conditioner to the Nangal-prodiiced ammonium 
nitrate in order to reduce its moisture-absorbing capacity to the 
minimum. 

Grades and ratios. The grade of the fertilizer 'denotes the 
percentage of plant nutrient in the material. This term is used 
for both compound and mixed fertilizer materials. The plant 
nutrients are in the following order: total nitrogen (N), available 
phosphorus pentoxide (PjOg) and water-soluble pota.sh (KoO).' 
A fertilizer of the grading 10:10:5 consists of 10 parts of nitrogen, 
10 parts of phosphoric acid and 5 parts of potash. Thus, it con¬ 
tains 11,3 kg of plant food per 45.3 kg gross weight of the ferti¬ 
lizer. In contrast to this ammonium sulphate contains 9.2 kg 
nitrogen as plant food in 45.3'kg fertilizer bag. The ratio of 
the grade 10:10:5 is 2:2:1. This ratio indicates the proportion 
in which N:P:K are in the fertilizer material. 

In India, most of the fertilizers are used as straight materials. 
But in the States of Madras, Mysore and Andhra Tradesh .several 
grades are in vogue and more are being introduced by the ferti¬ 
lizer-mixing companies. In southern India the .soils are generally 
' shallow and lack nitrogen, phosphorus and potash. Therefore, 
several grades for rice, potato, tapioca, .sugarcane and groundnut 
have become popular. 

Fertilizer materials. The properties of straight fertilizers 
and compound fertOizers,' their production, composition, suitability 
to soil conditions, criteria of selection for variou.s crops, etc., are 
described here, 

NITROGEN FERTILIZERS 

Classification and importance. The. nitrogenous fertilizers 
are broadly classified in Table 32. 

Of the nitrate fertilizers the most common in use is sodium 
nitrate or calcium'nitrate of commerce. Calcium nitrate is partly 
124 


applied by farmers in the U.K, and the European conliiieiit, But 
due to the low level of nitrogen its u,se is dimini.shing at a fast 
rate in favour of high arialy.sis fertilizers. At one time potassium 
nitrate was in general use, It.s consuniption was much reduced 
during the World War I, Since then it has not been miicli in 
demand due to high price of iilant food in comparison to olher 
materials. 


Table 32. Glas.sh'ication rn mtuoounoijs r'Ei{Tii,rzi!KS 




Pei'ccntag 

, Efiiiivalem 

Source of 

Name of m.aterial 

of 

--------- 

uitriitc 


nitrogen 

Acidity Basicity 

Nitrate 

Sodium nitrate 

Ifi.lJ 

29 


Calcium nitrate 

1,5.0 

21 


Potassium nitrate 

13.0 

29 

Ammonium 

Nitrate of soda-potash 

1.5.0 

26 

Ammonium sulphate 

20,5 

110 


Anliydrou.s ammonia 

82.2 

148 


Ammonium chloride 
Monoainmonium 

2.5.0 
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phosphate 

Diaiimionium 

ll.O 

.55 

Nitrate and 

phosphate 

Aimnonium sulphiile- 

21.0 

77 

ammonium 

nitrate 

26.0 

93 


Ammonium nitrate 
Calcium ammonium 

33.5 

■ 60 


nitrate 

20.5 

* . • 1 

Amide 

Calcium cyananiide 

22.0 

63 


Urea 

46.6 

80 


Ammonium ^sulphate is the ^ most widely used fertilizer. It 
has good physical and chemical properties, Its manufacture 
and consumption are still on the increase. Anhydrous ammonia 
was first marketed in the U,S,A„ and its consumption is rapidly 
expanding due to die low price of plant food in it, Its produc¬ 
tion and consumption has not as yet expanded In other coimlrie.s 
but may do so in the near future. Ammonium chloride is being 
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used on an increasiny scale in Japan wliinv it is a liy-prodnct of 
the soda-ash incluslry. Ils production will soon be laken np in 
ihk country at Biuiaras, Mono-amiriomiini pliosi.jlial(: and diiim- 
monlum phosphate are liigh analysis fertilizers which are pririci- 
pally used for apirlication to legmiies or used on soils highly 

ddcient in phosphate, 

Ammoniuin sulirhule-nitrale is a coniiiouncl lerlihzer consist- 
ine of mnmoniuin .sul])h:itc and aininoniiiin iiilrate. It contains 
'^0 rjer cent of aniinoniacal i.iiul 0 por of riitrat(Mjiir(*gen. It 
Ts 1 fairly slabblc fertili/or. Its inamifacturo at ihn Sindhri fertilizer 
plant was'taken up to economize in the use of siilpluir derived 
from gyirsiun. Aininoniiiin nitrate c.oiitiuiis inilf of ils nitrogen in 
ammoniacal form and half in nitrute form, It is very hygroscopic 
in nature, Its manufacture i,s lieing planned iit Nmigal^ anti at 
Rourkela fertilizer plants. But it will lie conditioned witli lime 
to bring d’lwn the nitrogen to 2(,)„') IJer cent in order to reduce 
its hvgroscopieity and the hazards of e.'iiilo.mon. I’liis product 
w’ill then be eallcd caleium aminuiiinni mlrale. Some ciuantitics 
of this fertilizer are being imported from (iermaiiy to meet the 
growing demand for it from the faiiiieis. 

' Urea is another liigh analysis fertilizer wliicli will lie manu¬ 
factured in thi,s country, Besides ccmtaiiiiiig alwiit 45-46 ]rer 
cent of nitrogen, the highe.st in any ,soli(l fertilizer, it does not 
require sulphm, which is in short .supply in this country, for its 
manufacture. It is le.ss hygroscopic in ntitiirc tlnin atniiionium 
nitrate Its mamifacture at the .Sindhri fartoiy ims imen taken 
up on a small .scale liut its production will rapidly inerease wlien 
factories start working at Neyveli, Rourkela, .BoinlMy and otlier 
place.s. The mamifaetiu'e of calcium cyanatmde was ttikeii up 
in 1910 in the U,S,A„ but its raaniifiicture lins not exfiunded 
very much as die fertilizer is not in inticli (leiTiund. Tliere i,s no 
proposal to manufacture this fertilizer in tliis country. 

Proce,ss of nianufiieture 

(a) Sodium nitmlo: It i.s one of tlie naturally ociairiug 
chemical source of nitrogen. Tlie deposit.s fciund in Uiiile were 
first discovered by Theddens Haeiike in 1809. 'I'lie mining ope¬ 
rations were started in 1813, These deposits covrer an area of 
1,165 km'-i at an elevation of 1,219-2,286 in nliovt: seu-level. 
The upper layer of the deposit is called mim and tlie lower layer 
is termed migdo. Beneath the fon,fe/o kiyer is [ho. caliche, the 
immature deposits of .sodium nitrate. The conuda has a liigh 
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percentage of sodium cliloride. The layer of eoatm and mneb 

vary frorn^ 0,9 to 3 m. Tiie caliche corisist.s of 8 2.5 per cent of 

sodium nitrate, 2-12 per cent of sodium chloride and 2 !i per 
cent of sodiurn sulphate, tin; re,st lieirig sand, gravel ami eltty. 

Tlie sodium nitrate is recovered eitlier liy the Siianhii jiroccH.-i or 
Guggenheim proem Now only iO per cent of lire nitralc is 
produced liy the former proees.s mid die rest fJO jier cent liy 
the latter proce,ss, 

The material for ,Sliaiik jiiocess con.si.sls of mlivtic, without 
prior .stripping of costm and conf’da. This material is sortefl out 
and transported to the relinery. It contiiins at Icmst 13 iicr 
cent_ of .sodium nitnite, After powdering tlit‘ raw materia! is cliarg- 
eel into tanks of 50,8-91.44 lomies capacity, TTie solution in 

tanks is boiled for 12-15 hours witli uilrale iiiinoi' fumi the 

second tank, This solution is boiled in tliree-.steii process, TTie 
boiled liquor from the first tank is fairly vi,scorns, is drained 
and Js tlion air-dried for three months. 'To tliis lank a wc.tli 
solution of the brine from the second tank is added for lioilirig 
and from the third tank into tlie second tank, TTms, die less- 
coiicontrated brim; is used for extraction of richer ones, After 
the last extraction the spent solids an* discarded, TTuk extracts 
65 p(;r cent nitrate only TTie extracted iiiul tiir-dried inat'uia! 
has 1~2 per cent of moisture and 96 per emu of sodium nitrate 
as cry.stal.s, 

Guggenlioim’s proc:e.ss developed in 1926 is more meciiii- 
jiiz.ed tiiim tlie Shanks’ proimss. More elficient use is made ol 

the heat in the process of boiling tlie, lirine, TTie adkhe ore 
containing about 8 jier cent of sodium nitrate is powdered ami 
screisned. The .screened material i.s leaclied in a filter plant, TTie 
remainder of die material is crushed and charged into 7,6211 *■! 2.192 
tonntt.s capacity tanks, Into the,se tanks the mothiir liquor from 
the crystallizing plants is charged. The temperature is raised to 
40‘'C, The saturated liquor is . withdrawn from tlie head tmikv 
and cooled in a crystullimig plant where it is refrigerated, The 
thickened slurry i,? centrifuged. The crystals are histleti in a 
furnaco at 340'’C and the viscous liquor is sprayed into pelleii-. 
The pellets are passed on to a cooler and the sodium nitrate 
formed is bagged. Some of tlm mother liquor from the ceiiui- 
fuge is ^fecl into tail leach tank and from there the cmicciitrated 
liquor is allowed to overflow into the head leiicli tank. TTie 
process is capairle of extracting 75 per cent of the sodium nitrate 
from the raw material, The leached and waslied ore is fmaily 
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discarded. Tlie complete extraction from a given charge of the 
ore takes about 40 houns, The pelleted niatiivial contains 1 per 
cent moisture and 99 per cunt sodium riitrat(^ 

In this process the other salts recoverotl are sodium chloride, 
double salt of sodium and niagncsium, sodium i)otu,s.sium nitrate’ 
borates, iodates, sulphattts and perchlorates of pot}is.sium, mag¬ 
nesium and calcium, The.se by-products v(;ry appreciably reduce 
the CO,St of processing the raw material into sodium nitrate. 

(i) Calcium nitrate: Several attempt.^, particularly in 
Norway, have been made to produce calcium nitrate by fixing 
atmospheric nitrogen and converting it into nitric acid by electro- 
lytic process, The nitric^ acid i.s neutralized with limestone to 
obtain calcium nitrate. The production of nitric a,cicl by the 
electrolytic proces,s has not .siic(;ced(;d to any large extent. Now 
the ammonia produced by direct synthetic process i.s transformed 
in the presence of catalyst into nitric acid. The reactions are 
given on the next page,' 

4Na, + 50, - ,4NO - 1 - CI'LO -p heat 

2NO -I- 0„ - 2NO„ + heat 

3NO, -I- H.O .... 2HNb, + NO ..|..heai 

The anhydrous ammonia is first passed through evaporator 
and then led into niixer-filter where air is let in, This mixture 
of ammonia and air is pn.ssed on to a converter containing 
platinum gauze and maintained at 28;0-.'l()0 '’C, 'Fhe reaction 
in the pre,sence ,of catalyst/takes place at 900 "G, The hot ga.ses 
are cooled and then passed through an oxidation lower, where 
most of the gas i.s converted into nitric oxide, The is,suing gas 
is obsorbed in water in the absorption tower and nitric acid 
drawn, off to .storage. 

This nitric acid is brought in contact with the Iime.stone 
to neutralize it as shown below: 

GaCOj 4- 2 HNO 3 - Ca(NOfj )2 + CO,, -f H/) + heat 

The strength of the nitric acid is 50 per cent, The acid is neutra¬ 
lized _ by feeding with crushed limestone. The solution formed 
contains about 40 per cent of calcium nitrate. This is concent¬ 
rated m a series, of vacuunv evaporators to about 87 per cent, To 
raise the nitrogen content of the final product to 15,5 per cent. 

5 per cent _ of ammoniura nitrate is added to the 87 per cent 
strong solution. The solution is then sprayed in 30 ra pelleter 
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through a centrifugal type of nozzle, The pellets are then 
dehydrated and bagged. 


Ammonia fertilizers 

(a) , Anhydrous ammonia: There are two major processes 
by which ammonia gas is obtained' for production^ ot annycirous 
ammonia, ammonia solutions or salts of ammonia, lhe.He aie 
destructive distillation of coal and Glaude-Habcr aininonia 
synthesis. 

The foimer process consists of heating cooking coal, which 
contains 1-2 per cent of nitrogen, in ovens at 822 0 in tlie 
absence of air. The volatile substances containing tar, ammonia 
and light oils are led to the tar separator where^ the.se are cooled 
by a spray of dilute ammonia water, This solution then flows to 
a decanter where tar is separated out, The ammonia collected 
there is taken either to primary cooler or allowed to flow to the 
decanter again for use as ammonia spray. _The ammonia ps, still 
containing some tar, is cooled in the primary cooler where tar 
is condensed and transferred to the tar separator. This la then 
fed to the saturator after preheating. Here light oils and gases 
other than ammonia are separated out. The water from the 
ammonia is removed by condensation. This purified arnmonia gas 
is transported as anhydrous ammonia under pressure In specially 
designed transport cars. ,1 

The Claude-Haber ammonia synthe.sis process consists of 
directly combining nitrogen and hydrogen to form ammonia. Ihe 
essentials of this process were developed by Haber in Germany 
in 1910. Claude, in France, improved upon its manufacturing 
process. The synthesis of nitrogen and hydrogen is carried out 
in the presence of catalysts, such as osmium, iron and platimwi 
at temperatures ranging from 400°-500‘’G at pressure^ range ^01 
200-1,000 atmosphere. The catalyst surface is nitrited, with 
subsequent reduction of nitrite by hydrogen, to form ammonia, 

The hydrogen gas is either prepared by water gas process or 
a combination of water and producer gas. In the former piocess 
the stem reacts with incandescent carbon. The reaction is as 
follows: 

C,+ 2 H 2 O- COo 

This process requires frequent reheating of the coke bed, 

In the new process involving water and producer gas the 
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carbon monoxide evolved by the process of water gas reacts with 
water according to the reaction given below, to produce hydrogen: 
GO + 1-1,0 - COj f Hg 


This, step contributes substantially towards formation of 
hydrogen and removes easily GO^ instead of dealing with trouble¬ 
some carbon monoxide 

Another method of preparing^ hydrogen is the reforming of 
natural gas, principally methane, with steam over a nickel catalyst. 
The reactions are shown below: 

CH^ + 2H20-C0,+4I-L 
CH,H- HgO-GO +3H, 

The gas thus produced has an approximate composition 
(in per cent) of; hydrogen 60, nitrogen 20, GOg 16 and carbon, 
monoxide 4. This process is likely to be adopted for utilizing waste 
flue gases for production of synthetic nitrogenous fertilizers in 
India. This is already in use in the U.S.A. 

The ammonia is obtained by passing air into the reactor 
with the hydrogen. As _ this involves use of hydrogen the cost of 
nitrogen for synthesis is high, The second method employed is 
to use the producer gas resulting from reheating of the coke beds 
for combining with hydrogen for synthesis. Ammonia thus synthe¬ 
sized by reaction of nitrogen and hydrogen is either stocked as 
anhydrous ammonia or used for the manufacture of ammonium 
sulphate and other ammonium salts. 

(i) Ammonium sulphate'. This involves the use of ammo¬ 
nia and sulphuric acid. The suphuric acid is either produced 
by the chamber process or by the contact process. The' sulphur 
or sulphur ores or gypsum are burnt to evolve sulphur dioxide. 
By passing sulphur dioxide over a catalyst sulphur trioxide is 
produced. This is absorbed in water. In the chamber process 
nitrogen oxides are used as catalysts. In the contact process 
vanadium oxide is employed a.s catalyst, The reactions involved 
are as given below; 

S + 0, —SOj -f heat 
2 SO 3 + O, -2563 -I-heat 
SOg -f. H„0 — HgSO,! -|- heat 

burnt in purified air. At a temperature of 
550 G, m the presence of catalyst, SO, combines with oxygen to 
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form sulphur trioxide. Thi.s is cooled and sulphur trioxide is 
absorbed in 98 per cent sulphuric acid. Thus, in the contact 
process 312 kg ot sulphur is converted into 453.5 kg of 100 per 
cent sulphuric acid. 

The anhydrous ammonia is evaporated to ammonia or 
ammonia produced by destructive distillation of coal is drawn 
off, is diluted with air and brought into contact with sulphuric 
acid. The following reaction take.s place: 

2NHg -f HgSO, ~ (NHJgSO, 

The ammonium sulphate solution after cooling and ciystal- 
lization is supplied to centrifuges where ammonium sulphate 
crystals are separated from the liquor and pa,sst!d on to the dryer 
The fertilizer, sulphate of ammonia, as crystalline product, is 
bagged. The percentage of nitrogen in ammonium .sulphate varies 
according to the process employed. The by-product contains about 
20.5 per cent ^ of nitrogen, while that produced from .synthetic 
ammonia contains 21 per cent of nitrogen, 

(c) Anmoniim chloride-. Thi,s fertilizer is manufactured 
by the ammonia-soda proces,s. The products obtained are soda and 
fertilizer grade ammonium chloride. The reaction is as follows: 

NaGl -h CO, '-FNII., -F H,,0 - Nall CO,, .fNIIjGI 

The sodium bicarbonate is precipitated. The solution of 
ammonium chloride is concentrated, cooled and crystallized. The 
c^stals are passed through a cooling and dehydrating plant and 
the product is ba,gged. In the process, the chemical reaction is 
made up to 75 per cent maximum due to equilibrium of the 
reactions, so that .sodium chloride is recovered unreacted which 
amounts to 25 per cent. The fertilizer contains 25 per cent nitro¬ 
gen. Its production has been rapidly increasing since 1950 in 
Japan. In 1957 the total quantity produced exceeded tlio planned 
quantum, 296,672 tonnes. In India it is planned to manufacture 
ammonium chloride in the private sector also. 

(d) ^ Ammonium phosphate: The monoammonium .and 
diammoniura phosphate fertilizers are principally manufactured as 
phosphatic fertilizers, Both these are produced by the neutraliza¬ 
tion of phoisphoric acid by ammonia, The reaction for the pre- 
paration of this fealilizer is as follows; 

NH,-F IVO„, ™ NH,t HjPO, 

Monoammonium pho,sphate contains 11 per rent of N and 
48 per cent of PjOj. It is completely soluble in water and Is now 
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extensively used in the U.S.A, and European countries as a com¬ 
pound fertilizer, 

If the slurry produced by the neutralization of ammonia and 
phosphoric acid be kept at pH 5.8-6,0 then the resulting reaction 
is as follows: 

2 NH 3 +H 3 PO, - (NH,)„ HPO, 

The fertilizer grade diammonium phosphate contains 21 per 
cent of nitrogen and 53 per cent of P„Oj. It has. a very high 
content of plant food per bag and has good storage properties. 
It is proposed to manufacture 85j344 tonnes of this fertilizer at 
Rourkela fertilizer factory. 

Ainraonia-nitriite fertilizers 

[a] Ammonium sulphate-nitrate-. This fertilizer is manu¬ 
factured by neutralizing a mixture of sulphuric acid (77 per cent 
H 2 SO 4 ) and nitric acid (50 per cent HNOg) with anhydrous 
ammonia, The mixture contains 3 per cent of water at a tem¬ 
perature of 150" C. About a tonne of ferrous sulphate (FeSO^, 
7 H 2 O) is added for every 26 tonnes of nitrogen to prevent the pro¬ 
duct from caking in the saturator. The product i.s solidified at about 
1Q0'’C. Thereafter it is granulated, dried and bagged. The pro¬ 
duct contains 26,6 per cent of nitrogen, 

(&) Ammonium nitrate: For the preparation of ammonium 
nitrate the nitric acid is neutralized with ammonia. The reaction 
is as,follows: 

HNO 3 -j-NHg - NH,i NOg -f heat 

The nitric acid has the strength varying from 58-65 per cent, 
The heat of reaction is sufficient to remove the water during neu* 
tralization. The solution contains 80 per cent of ammonium nitrate. 
From there it is sprayed into pelleting tower to form ammonium 
nitrate pellets which are cooled and dried simultaneously before 
the product is bagged. Usually the pellets are coated with petro- 
leum-rosin-paraffin mixture and 3-5 per cent of anti-caking agent. 
This contains 33 per cent of nitrogen. This process will be em¬ 
ployed for the manufacture of calcium ammonium nitrate in the 
Nangal factory, where the ammonium nitrate will be mixed with 
limestone to contain 20.6 per cent of nitrogen. This product will 
ibe less hygroscopic than the original product and will be free 
from hazards of fire, 
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Amide fertilizers 

(a) Calcium cyanamide: The process for the commercial 
manufacture of cyanamide was perfected in 1900 and the produc¬ 
tion was taken up soon after in Europe and in 1910 in the USA 
The chemical reactions involved are detailed bdow; 

CaCOg-CaO .f COg 
GaO + Gg-CaCa + CO. 

GaCs -j- N. ~ CaCN,, + C 

The raw material required for the manufacture are limestone ■’ 
and coal. The limestone i.s fired at I,300'’C to produce lime. The 
continuous type electric furnaces at 
'i-rfi a fused calcium carbide which is witliclrawii and 

S aS; ? liquefaction of 

ail, after CO 2 has been removed by passing through caustic .soda 

and fractional _distillation, the calcium carbide is made to react 
with nitrogen m the presence of calcium fluoride in batteries of 
3 wens under .slight pressure at a temperature 

^ ts dehydrated, granulated or pulverized. 

. (b) Urea: Ihe manufacture of urea is being taken up on 

nianufactured by ?e 

acting carbon dioxide and anhydrou.s ammonia under very high 
pressure and temperarture. The reaction is as follows: ^ ® 

4 NH 3 + 2 CO 3 - NH 2 COONH, NH^UONH. + lip 

To increase the conversion rate, excos.s of ammonia i! used 
The unreacted ammonia and carbon dioxide are recycled' I’lie 
urea solution IS centrifuged and after mixing wit“dikoffi^ 

agent is passed through a mixer diyer to be bagged. I'hfmZ- 
ffictme of urea has 'already been taken up in a^plant capacity of 
71.12 , tonnes per day at the Sindhri factory. ^25 
Wnnes of urea will be manufactured at Newei in Smith TnVltn 
.Further manufacture is envisaged at Bombay, Cambay and othei 

(«) Suitability to different soil types: 

affiask fS is 

ordtaiiy CIS 0°; LftsTE' 3 
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soils, which have a low content of lime, addition of sodium corrects 
the acidic reaction and conduces to greater availability of phos¬ 
phorus and calcium to the crops. That js why sodium nitrate is 
very popular in countries which have acidic soils. 

In India most of the acidic soils are met with in high rainfall 
areas of Assam, West Bengal, Bihar, Orissa, Mysore, Kerala and 
Maharashtra. Paddy is the chief crop grown in these areas by the 
fanners. Since nitrate in this fertilizer is readily dissolved in water 
and remains in solution it leaches out of soil. Accordingly its 
application to soils in wet areas is not generally recommended. It 
is only for light lands, where drainage is unimpeded, that its use 
in neutral or slightly acidic soils is suggested. In wet areas, where 
soils are of acidic nature, it can be applied in the pre- or post¬ 
monsoon seasons when chances of leaching out of the nitrate are 
the least. 

2. Calcium nitrate: Excepting very small lots obtained 
from abroad not much of the calciimi nitrate is available for use 
in India. It is again suitable for acidic soils more pre-eminently 
than for calcareous or saline-alkaline lands. It should not be 
generally used under very wet-land conditions as nitrate is likely 
to leach out of soil. 

3. Anhydrous ammonia; Anhydrous ammonia is most 
effective when applied to soil in a dry state, a week before the 
sowing of the crop. Since it is under pressure it is injected into 
the soil at a depth of 12-15 cm. The dry soil absorbs it quickly 
and ammonium ions are retained on the soil particles. These 
ions go into solution under wet conditions and are absorbed 
by the plant. Anhydrous ammonia can be used on all soil types, 
but its fixation in calcareous and saline alkali soils is more than in 

, acidic soils. Farmers in the U.S.A. prefer to use it on lighter 
' soils well supplied with lime. They avoid using it on heavy soils.' 
But it is extensively used in soils of acidic nature where lime is 
used as soil amendment. 

Anhydrous ammonia can be used elfectiyely on paddy lands a 
few days prior to transplanting by releasing'it in running water. 
The disadvantage in this method is that it is absorbed to a larger 
extent close to the point of application than at the farther end 
of the field, so that the crop cannot uniformly utilize nitrogen all 
over the land. Some experimental work conducted at the Hebbal 
Farm, Mysore State, has confirmed the above observations. 

Generally, the loss of nitrogen is more from the loose, light 
soils which have low clay and organic matter content. The in- 
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applied on equivalent nitrogen basis. Thus, it is mote safe to 
apply it on highly acidic soils than aromomum sulphate. 

6. Ammonium nitrate: Ammonium nitrate is one ot the 

best fertilizers for dry-land crops, where leaching is not_ pronounced 
because half of its nitrogen content can be utilized iii the early 
stages of growth of the crop and half for later growth, Conse- 
Quently its effectiveness will be more on heavier than lighter soils. 
It is a fertilizer quite suitable for soils of alkaline, neutral or acidic 
reaction. Although an acid-formjng^ fertilizer, the calcium car- 
boritite reQuired to neutralize its acid is almost hmf of that required 
for ammonium sulphate. Thus, even a very long and continued 
use will not render the soil acidic. ^ _ c , ■ , . f „ 

Its use on paddy lands and m situations of high rainfall 
should be'avoided, T'he nitrate portion of the fertilizer will tend 
to leach out of soil under such conditions. 

As calcium ammonium nitrate with 20.5 per cent_ of nitrogen, 
the added lime neutralizes all its acidity and this fertilizer can be 
utilized on all the soils of all different reactions. But particular 
care should be taken to apply it to soils where leaching is not 
heavy. It is a good fertilizer for heavy and loamy soils which are 
not subject to heavy leaching. Application to sandy soils should 
be in split doses for long-duration crops of sugarcane, cotton, 
chillies and others. ... 

7. Ammonium chloride: This is another acid-formmg fer¬ 
tilizer. It is slightly more acidic in nature than ammonium sul¬ 
phate. In soils which contain large amounts of sodium chloride, 
the application of this fertilizer is not desirable as excess of chlo¬ 
ride produces toxicity in crops, It can be applied to light as well 
as heavy soils without much loss of nitrogen. Most of its nitrogen 
is absorbed on the soil particles. Addition of organic matter to 
very light sandy soils helps in retention of ammoniacal ions on 
humus particles, In soils, which contain adequate quantities of 
lime, its constant application over long periods would not prove 
detrimental to-crop production. As far as po,ssible its application 
to highly acidic soils should be avoided for the consequent hazards 
when used continuously over long periods. 

8. Mono-. AND diammonium phosphate: These are, as 
already stated, fertilizers primarily for use on legume crops in¬ 
cluding pulses which require well-aerated conditions. Therefore, 
the.se fertilizers can be safely applied to soils which have acidic, 
neutral or alkaline reaction. The nitrogen is temporarily held by.^ 
the clay and humus particles until it is required by the crop for 
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growth and development, These fertilizers can be used on lialit 
as wel las heavy soils without much loss of nitrogen ,soo aft 
pphcation. _Be.st response, however, will be obtained from SeS 
loamy soils in which pho,sphate will be largely available for no 

'“f 2 

9. Urea: Well-aerated dry-soil conditions are necessarv for 
urea to decompose and get converted into amrnoniaJal S S, 
Urea IS always applied to dry land and after a week wa e an £ 
let m fw paddy cu tivauon or the dry-land crops m b' Sede 
m the field. This fertilizer is Ie,ss acid formimi- th.,, 
sulphate and can be applied to .soils of wider ranm nf 
tion than the kter. ui acid 

ammonium sulphate. Loss of urea nitrogen may b? ot s 
li anaerobic conditions prevail in the soil during the m-o n 
decomposition, Under .such ronditlnna ' ^ •!, of 

the so l. Cultivation of sS nrior o U ^ 

fer in the iced layer 

amount of nitrogen from this fertilizer i|WiLible, arger 

be enough of orga,nic mutter avaiiabl/ foj^ a ® 

nitrogen to be retained on theSL of Z 
position of urea. There h very li tie liblil cL of ?! ^ 

reduction into ammonia before its nitrom-n ° for its 

the crops. Its basicitv is Z - L! ® ’"‘i "P 

nitrate and is advisable for use on ad? sSif ““ ^ 

must decompose. PoTclry-landip^l^^tdj'^''^^^’^ Ijy corps. It 
should be applied at iS tW~L it 

decompose a™d releLI it to 

tentive power for ammonia ai!>' b*.!^ 
i., this fertilizer, In very light soilc application of 

gravelly nature. fis S if not of 

content of organic matter. ' ^ ttt“Jess they have high 

"ill give high cm LuSifn i''?,' '“i 

ft ts r 

'he .oil i,. hi 
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can use over and over again, and will not cause deterioration of 
the container quickly. These _ are conditions which guide the 
farmers in the purchase of straight, compound or mixed fertilizers. 

Although anhydrous ammonia is a nitrogenous plant food 
which costs the least, its use has not yet been adopted by the 
farmers in this country. The difficulties in transport pd method 
of application stand in the way of its extensive use in the field. 

Urea is an organic, high analysis, solid fertilizer. It is to be 
manufactured on a large scale in_this puntry. It will be 15-20 per 
cent cheaper to apply this fertilizer than ammonium sulphate, as 
its transport, stocking and bagging costs are less, Because mf the 
hygroscopic nature the urea requires pecial precautions m 
storage. It should be stocked in aikathene-lmed bps. Its response 
to wheat, paddy and other crops is as high as that with ammo¬ 
nium sulphate, provided it is applied about a week before trans¬ 
planting or sowing of the crop at a depth of 10--i2 cm. Tor 
application to paddy pelleting the material with clay mud 
and embedding the diy pellets into the soil m a transplanted crp 
is as effective as ammonium sulphate top-dressed^ to^ the paddy 
in the field. Because it is hygroscopic its application on dry 
days is suggested. 

Amm onium nitrate is another high analysis nitrogenous 
fertilizer, It . is extremely hygroscopic and liquefies under mon- 
soonic conditions. It offers difficulties to famers in'_storage and 
handling, particularly when under village conditions, where 
special storage facilities for stocking an inffamraable material do 
not exist. Therefore, most of the amnionium nitrate is converted 
into calcium ammonium nitrate which offers no_ hazard.s or 
storage and handling of the product. The cost _of nitrogen in 
calcium ammonium nitrate compares favourably with that m am¬ 
monium sulphate, The availability of nitrogen in nitrate and 
ammoniacal forms is a distinct advantage for most of the dry-land 
crops. 

Ammonium chloride, containing -25 f 
has very good physical properties. It can be handled and stored 
easily without any hazards. Since it is a by-product of the soda- 
ash industry its cost of manufacture m the country is likely to 

be less than that of ammonium sulphate. In recent experiments 

the response to ammonium chloride m paddy _ and other crops 
has been found to be comparable to ammonium sulphate on 
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equivalent nitrogen basis. It .should not be inixed with muriate, 
of potash due to the toxicity of chlorine in the mixture. 

Ammonium sulphate-nitrate has a distinct advantage over 
ammonium .sulphate a.s it contains about 6 per cent of its nitrogen 
in nitrate form which is more readily assimilated by all the crops 
in their early stages of growth. For latter stages the ammoniacal 
nitrogen is ttken up by the crops. The response compares 
favourably with the standard fertilizer. The cost of nitrogen in 
this fertilizer is slightly less than in ammonium sulphate. It offers 
little difficulty in storage and handling. It is fairly free flowing in 
the drill. This fertilizer cannot be so freely mixed with superphos¬ 
phate, pota3,sium chloride or potassium sulphate, In fact it 
should be mixed just before application to the field with phos- 
phatic and potassic fertilizers, 

Mono- and diamraoiiium phosphatos as nitrogenous fertilizers 
have good physical propertie.s from the aspect of storage a,nd 
handling. They can be readily mixed with potassium fertilizers. 
The cost of nitrogen in these fertilizers is slightly more than 
in ammonium sulphate. They can be safely mixed with the latter 
material. 

Except for its high cost ammonium sulphate is the ideal 
nitrogen fertilizer from the farmers’ point of view. They can 
stock it well under all weather conditions. It requires a few 
precautions in handling. It is the principal nitrogenous fertilizer 
which is mixed with phosphorus and potassic ones. In this 
countiy the manufacture of sulphate of ammonia will be conti¬ 
nued for u.se in mixed fertilizers. Under wet-,soil conditions its 
nitrogen gives the highest relative lusponse in crop production 
compared: to, othw sources of nitrogen, Except in very highly 
acidic soil conditions, its continuous use does not deteriorate the 
physical condition of the soil, Besides, it is a good source of 
sulphur for plants and helps to correct the alkalinity in the soil, 

PHO.SPIIATIC FEimLIZEK.S 

Clnssification and iniportanee, Phosphatic fertilizers are 
broadly classified on the basis of their solubility. The two types 
recognized aie water soluble and citrate soluble, I'he various 
phosphatic fertilizers and their corapo-sition are given at p. 140. 

^ Most common in use of all the phosphatic fertilizers is the 
single superpho.sphato. In recent years the production of triple 
superphosphate has been increasing at a very fast rate. Consi- 
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derable quantities of rock phosphate are dressed to highly acidic 
sojls, This is ground to very fine mesh and then applied to 
the soil. Finer the powder of the material greater is the availa¬ 
bility of P.Qs to the crop, Similarly, use of bone-meal is localized 
to areas where the soils are highly acidic in nature. The collec¬ 
tion, digestion and grinding cost of bone-meal is rather high 
and, hence,, the material is not processed locally as phosphatic 
fertilizer. Basic slag is largely consumed in the continental coun¬ 


Name of 
fertilizer 

Solubi¬ 

lity 

Percentage composition 

PA N 

1 Acidity or 
alkalinity 

' Phospho¬ 
rus 

availability 

■ ' 

Bone-meal 

Citrate 

25,28 

1.2 

Alkaline 

■ 

70 

Phosphate 

soluble 

Citrate 

soluble 

30.35 

, , 

Alkaline 

30 

Single super¬ 
phosphate 

Water 

soluble 

16 


Neutral 

90 

Triple super¬ 
phosphate 

Water 

soluble 

43 


Acidic 

95 

Calcium meta¬ 
phosphate 

Citrate 

soluble 

63.6 


Acidic 

'it 

Basic slag 
(Indian) 

Citrate 

soluble 

: 3.4, , 


Alkaline 


Basic slag 
(European) 

Citrate 

soluble 

11,0 

... 

Alkaline 

80 

Mo'noammo- 

Ilium 

Water 

soluble 

48.0 

11,0 

Acidic 

100 

phosphate 

Diammonium 

phosphate 

Water 

soluble 

■ ■ 

54.0 

21,0 

Acidic 

100 

Dicalcium, 

phosphate 

Citrate 

soluble 

; 26,0 


Acidic 

j 

•* 


tries, especially in Germany, France, Czechoslovakia and Austria 
where it is a by-product of the steel industry and is readily 
available in large quantities. It. has relatively high content of 
PjOg. Its use in India has not yet been taken up due to the 
low content of in the material Calcium metaphosphate 
contains very high percentage of citrate-soluble PjOg, The process 
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. of its manufacture is rather complicated and its manufacture has 
not extended very far, It is proposed to take up the manufarture 
of diamrnonium phosphate in this country. The power require 
menis lor the manufacture of mono, and diiirnmonium phosphates 
appear to be high and, therefore, their manufacture in other 
countries has not expanded very much, Tlcaleiimi phosphate is 
again a citrate-soluble fertilizer and its cost of muiuifacture 
not less than tliat of superplios])iiate. I'herefoni, the manu¬ 
facturers are reluctant to take if up, 

Process of mamifaclure 

Bone-meah From time to time attempts have been made to 
ban the export of bone from the country, blit the response to 
crops and the cost of crushing bones have not jiroved so^reimiiie^ 

^ rative so as to ban its export Most of the bones i„ the com tiy 
are now largely processed at Calcutta, which is the chief export 
market for this commodity. The crushed material i.s separated 
into two part,s after the removal of gelatin, Tin- finer iiiutS 

Rock phosphate: The mining of rock iihosphate was first 
taken up_m Great Britain in 1847. Thereafter other coun e 
took up Its mining. During 1890 to 1900 the mineral deS 
were explored in Florida and North Africa. High-gracKoS 
phosphate is found in Morocco, Algeria, Tunisia £ UA R 

The U.^A. has large deposit which are estimated at 3,332 million 
tonnes. This is more than one-fourth of the world’s know dem ? 
Morocco has a larger deposit than the U.S.A, and is Eit ?! 336 
million tonnes. According te the Geological Survey of India 
e phosphate rock deposits of India are estimated ,at 8 258,000 
tonnes. Major portion of these deposits are found in Tlruchira- 
pill district of Madras, Singhbhum deposits do not exceed about 
half-a-m, lion tonne,, Since the cost of collectiorLd £ocS 
of Tripy.pdules is very high, most of the requirement's of 
rock phosphate are met with from North Africa R?ck SsDhate 
u^^pulvenzed to pass 200 mesh-screen (6,200 openings^ per 

Superphosphate: Superphosphate was first manufaeturprl fi-nm 
bones by digesting them with half their weStTSKnS 
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diluted with three or four parts of water by Liebig in 1840. Lawes 
in 1842 used rock phosphate, the principal constituents of which 
are phosphorus and lime. The sulphuric acid acts upon lime m 
the rock phosphate and forms sulphate of lime and monobasic phos- 
uhate Initially sulphuric acid was stirred with iron ladles to ini- 
date the chemical action. After treatment the material was taken 

out and allowed to cure and dry. . . , 

Tor large-scale production originally the mmng pit was used. 
From it the ‘ denwhich could hold 30,48--60£6 tonnes of super- 
Smirwas evolved.- During the period 1900 to 191 it was 
largely mechanized. In a revolving den the rock phosphate is fed 
forward by a screw, and the reaction with sulphuric acid takes place 
and superphosphate is pushed out. Sy ^^25 to 1930 all the manu¬ 
facturing operations were mechanized, A arge-scale plant now 
consists of conveyors which move the ground rock phosphate from 
the mill to the storage site. From there it is conveyed to the mixer 
after automatic weighing and feeding of ground rock phosphate and 
acid These are then fed into a mechanical den. The superphos- 
ohate is excavated from the den by a revolving knife. The dis¬ 
charged material is mechanically elevated up to adjustable conveyor s 
hand, which heaps it up in a pre-detemiined spot. From there, it 
is lifted up and carried to disintegrators and then filled up m 
bags. The reaction which takes place in the den may be expressed 
as under: 

Gag (PO.i) 2 SCaFj + yHjSO^-SCafHgPO J 2 + 7GaSO,i-f 2HF 
Thus, the phosphate present in the apatite mineral is converted 
into water-soluble, phosphate (monocalcium phospha,te). In the 
process gypsum and hydrofluoric acid gas are formed. The amount 
of monocalcium phosphate depends upon the raw material used in 
its manufacture. The PjOg content varies from 16-20 per cent. 
In India all the superphosphate-manufacturing concerns use rock 
phosphate imported from Morocco. Singhbhum rock phosphate is 
mixed to a small_ extent and is mostly processed for use as direct 
raw material fertilizer. , . 

Triple superphosphate'. Its manufacture was started in 19Uh 
in Europe and in 1910 in the U.S.A. There are two processes name¬ 
ly wet process and electrolytic process, by which the triple^ super¬ 
phosphate is manufactured. The wet process consists of_ feeding the 
ground rock phosphate into vats along with sulphuric acid and 
wash water containing phosphoric acid. Gypsum is separated from 
the liquid and the muddy liquor is collected into settling tanks ar- 
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ranged at a lower level, There the liquor is agitated. After agitation 
for some time the mixture is forced through filter presses of rubber 
or lead, The charge in the press is washed with water under pressure 
until the effluent only tests 0.25'G Beaume, The wash contains 3 per 
cent of PgOj. This is then concentrated to 50" Beaume, to be used 
in the second stage of the process, when phosphate rock is treated 
with phosphoric acid instead of sulphuric acid. The product thus 
obtained is artificially dried. 

The electrolytic process consists of calcining or smelting of the 
rock phosphate mixed with silica and pulverized , coke. The smelt¬ 
ing is carried out in an electric furnace, Electricity is passed to 
the furnace through 75 cm diameter carbon electrodes. The smelt¬ 
ing is carried out at 1,322“G. This gives out ca.rbon monoxide. 
The molten slag is formed by mixing of calcium oxide of rock phos¬ 
phate with silica. This is removed separately. The free phospho¬ 
rus as vapour is cooled into a liquid which is diluted to 50'“ Beaume 
and brought in contact with rock phosphate in the second stage. 
The resulting chemical reaction is a.s follows: 

Ca 2 (POJ 2 SCaFj H- MH^PO, - 4 Ca(H 2 PO,) 2 + 2 HF 

Triple superphosphate contains two-and-a-hnif times the P,.Or, 
contained in single superphosphate. The ‘ wet ’ process will con¬ 
tinue to be,employed where sulphuric acid is cheap. The electro¬ 
lytic process requires low-priced power for its manufacture. Due 
to limitations of both, the manufacture of triple superphosphate has 
not yet been taken in hand in spite of the fact that it i.? definitely 
advantageous for the fanners to apply it to their soil in preference 
to single superphosphate. 

Calcium metaphosphate•, Calcium metapho.spliate is manu¬ 
factured by the Tennessee Valley Authority. Phosphorus is burnt 
in a furnace, where hot, gaseous, combustion products pass through 
lump rock phosphate packed in the upper chamber of the furnace. 
The hot phosphorus vapour and rock phosphate chemically com¬ 
bine to form calcium metaphosphate which contains 62-64 per 
cent of citrate-.soluble phosphoric acid. 

Basic slag: Basic slag is a by-product of the steel industry. 
The impurities in the iron, consisting of silica, phosphorus, etc., are 
fluxed with lime and slagged-off in the open hearth furnace process, 
The slag material i,s cooled, finely ground and bagged. The Euro¬ 
pean basic slag contains 8-10 per cent PgOj, of . which 60-90 per 
cent of PgOg is citric soluble. Basic slag also contains traces of 
Zn, Gu, Mn and Bo, The basic slag produced in Tata Iron and 
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Steel Company hardly contains 3-4 per cent PjO., which does not 
favourably compare per unit cost with'single superphosphate manu¬ 
factured in the country. The slag fluxed by the new steel plants 
may have 5~6 per cent P^Oj, which can be utilized for crop pro¬ 
duction at a cost comparable to effective in superphosphate. 

Mono- and dimmonium phosphate'. In wet process of the 
manufacture of triple superphosphate the phosphoric acid is neutra¬ 
lized by ammonia. The reaction is as follows: 

NHg + H.PO.-NtWO, 

The concentration of phosphoric acid through which ammonia 
gas is passed is 75 per cent. When the reaction is on, considerable 
heat is generated which thickens the liquid; on cooling it is crystal¬ 
lized into a solid mass. The mother liquor is drawn off and the 
crystals are dried. 

When the ammonification of phosphoric acid is allowed to-, 
proceed further and the pH value of the slurry is maintained at 
5,8-6.0, the resulting product is diaramonium phosphate. The 
reaction is represented as under: 

2NH3-hH3PO,-(NHj2PO, 

Ljke the raonoammonium phosphate it is water soluble and is 
an add soil-forming fertilizer. 

Dkalckm phosphate: It is formed by the contact of ortho- 
phosphoric acid with calcium oxide of rock phosphate. The reac¬ 
tion is given below: 

HjPO^-l-CaO-CaHPO.-l-Hp 

In the National Chemical Laboratory, Poona, it has been 
prepared on a semi-commercial scale, where use of sulphur has 
been eliminated. The reaction may be represented as under; 

CCaa(POJ 2 ] 3 CaF 2 + dHjPO^ -10 GaHPO^ + 2HF 

The phosphoric acid is derived from rock phosphate by using 
hydrodiloric acid. This acts upon rock phosphate and produces 
dicalcium phosphate and hydrofluoric acid. The present estimated 
cost of production, is high. The importance of this fertilizer lies 
m the fact that it can be substituted for superphosphate when the 
available sulphur supplies are liiuitecl 

Suitability to different soil types 

Bou-mal: As already stated it is not a water-soluble phos- 
phatic fertilizer. It takes time to be available in soils of neutral 
and alkaline reactions. It is most suited for acidic soils of pH 
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range ^of 3.5-6.5. Its nitrogen is readily available under all the 
conditions. Bone-meal can be applied to light, medium and hea.vy 
soil,?. Its efficiency increases when organic matter is present in 
adequate quantities. The phosphorus availability from bone-meal 
is higher in wetter soil conditions than in dry lands. It is more 
profitable _to apply this to red and laterite soils in Assam, West 
Ben,gal, Bihar, Orissa, Andhra Prade,sh, Tamil Nadu, Kerala and 
Maharashtra, where rainfall exceeds 150 cm a year. 

Rock phosphate: The effectiveness of rock phosphate is much 
more on _ acidic than on alkaline soils. The pho,sphoru8 in this 
fertilizer is citrate soluble. It does not dissolve in soil water so 
readily and remains fixed in the material unless large doses of 
farmyard manure or green manure be frequently added to the 
soil. It has proved very effective in highly leached soils of Kerala 
and Mysore states on which paddy is cultivated. The availability 
IS not affected by the _ water-retentive power of the soil. It is 
very much in _demand in Kerala State. The effectiveness is en¬ 
hanced by mixing it with superphosphate and by finely powdering 
the material. 


. Superphosphate: Superphosphate i,s a .suitable fertilizer for 
soils 01 ^ all kinds. But its response is maximum on neutral soils, 
as hxation of phospliorus more or less occurs on acidic and calca¬ 
reous and alkaline soils. In medium heavy and heavy soils the 
re.spoii,se to application of superphosphate is slightly more than on 
lighter soils because of low level of other nutrients.: High res- 
ponse to superphosphate has been observed on alluvial soils of 
north Bihar, eastern Uttar Pradesh, .south-east Punjab, gravelly 
soils of Mysore; medium response in alluvial soils of south Bihar, 
eastern Madhya Pradesh, central U.P„ West Bengal, Orissa, Andhra 
5 and poor response in black cotton soils 

of Maharashtra, Madhya Pradesh, Rajasthan and Andhra Pradesh, 
bmee single and triple superphosphate are equally water soluble 
tie distinction between the two with respect to suitability to soil 
type does not exist, 

Calcium mtapimphate: The trials conducted at the Indian 
I gncultural Research InstHute, New Delhi, did not reveal its use- 
iiilness on alluvial soils. Since it is a citrate-soluble fertilizer it is 
hkely to prove very beneficial on acidic soils of Assam, West Bengal, 
Bihar, Orissa, Mysore and Kerala. 

_ Basic skg:^ Even with very responsive crop of berseem the 
basic slag, obtained from Tata Iron and Steel Company, did not 
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show riisponsu on alluvial soils wIkui suppplnid oii (Hiiiivaltuit IKX) 
basis as compared to siiptirphosphate, It is ciU'iHR solttldir^und, 
therefore, its P„0, will be available to croiis on sods ol acuhe re¬ 
action. The mat/i'rial must be groiimj into a v.^ny lim; state before 
application to such soils. The avudabi ity will be sligh ly more 
,under welter .soil conditions wliiidi contain high content ol organic 

imd dimnmonium phsphale: Tliese folilizerH have been 
found veiT .suitable for most of the Imliiin soils. In fact tire fanners 
are very keen to have ammophos of the conyjosition d0:20 which 
has water solidnlity, Since these can be easily miKcd with ammo¬ 
nium .sulphate the farmers cun bring its nitrogen by mixing to a 
level equal to P.,Or, in any of these fertilizers. Ilrese can be 
used equally efficiently on light, medium arid Iioiivy .soils. The 
response is ino.st pronounced on medium-licMV-y soils because of 
their high productivity compared to light sods. I lits; are (;(|ually 
effective in wet and dry lands, In all the states ol Indm there i,s 
great demand for these fertilizers. 

Dieddum phosphate: Although dicalcumi plmspliatc is _a 
citrate-.soluble fertilizer, recent expiiriinents have shown that it is 
equally effective on soils of acidic, neutral and alKaline roaclion. 
Possibly on highly calcareous .soils of norlli Ihhnr and eastern Uttar 
Pradesh where the fixation of i)ho.sidi;ite_iu higli, it may be a less 
suitalde fertilizer, Its effectiveness relative to liniierpho.sphaK; is 
.sornewhiit higher on acidic .soils than in those with alkali tie reaction, 
in such situations resiionse under wetter coiiditioil,H is more than 
under dry conditions, 

l’OTA.S.SIC FEIlTIUZItSlS 


Cliussilicalion and iinporlaufe, The chief .sources of pota¬ 
ssium fertilizers are tlie mineral eamiallite (Kfll Mg.Cl (iPLO), 
kainite (KGl MgSO„ 3Ii„0), limgli(.diiit(,! (K..S()., 2MgSOJ and 
sylvite (KCl). The world deposits are estimated at 40,(i4“57.91 
million tonnes of K,,0, Germany and RiiHsia own the liulk of tlrem. 
Some poiiissimn chloride is extracted from .suit bittern. 4'lic compo¬ 
sition of pota,ssic fertilizers is given ii,s imder: 

Of these fertilizers the chief coimnerrial omts are tire sulphate 
and muriate of potash. The other.s are rolatividy of very little 
importance, Both these potassic fertilizers arc imimrted from foreign 
countries. The manufacture of muriate of ])Otiisli from suit bittern 
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is_ being taken up rn, a pilot scale at the Central Salt Research In- 
stitute, Samhhar Rajasthan, I'ln: jnoihiction will slmj with seven 
tonne,s a day wil be ultimately raked to 20:1.2 tonnes per day when 
taken np (in a factory .scale. In recent years the retniireimitus of 
potassium fe.rt.hz.jrs have lieen rapidly increasing, anil the.se hav(l 
been only partially met with by inipurls Imin abroad. 

Gl.A,S.SU.' 10 A'ri 0 N AMJ COJinOSITIilN OF nO'I'A.S.Sm FKia'lI.KKlt.S 

.SodiTi? material VVal.'r-,oli(ble, potash (K„0) 

(per cent) 


Poias.sium carbonate , ,, gr. 

Potassium chloride fmuriate of iiota.di) 

Poms.siurndilnridc (iimi'iateof poiasli) 20 

Potassiiiiii inagnesiiim sulphali! .. "’l-'ff) 

Pola.ssiuni sidpliaie ^ | 

Potiissinm nitrate ‘ 

Sodium poias.siinn nitrate ’ ] 'i; 

Bittern potash |' 2 

Wood-ash '' r i 

• - .al 


FroeoHs of mamifaclure 

Trteiiim sulplujir. It is largely extracted from minerals of 
kainite and langhenute, Um Inst source of [lotash fertilizers wm 
the Stassfurt uimc.s of Germany. .Suh.asprenlly putasli deposits 

Uimda and Ial(.slnjf‘. lite.se niHicrals ai'e first dissolved in water, 
I hereafter, they arc fractionally tryst,-(llized to obmin poias.sium 
•sulphate Jim fractionated product of poia.ssiimi .sulphate is then 

dS Sr^aliVlif 

_ Jhe .second process is to treat poi.-issium eliloritle with siilnhu- 
nc acid to obtain potiifisiiim sulphate, The. reaction is given hekw: 

-f H.SO,,.K,,.SO.i f. 2H(:;i 

The .salt in .solution i.s concentratt'd liy evaporation, crysiiillized 
and separated from tlm hydrochloric acid. 

^ Potamm chlor'uk: Cannallite and .sylvite are the two miminils 
from whicii raunaie of potash i,s olitairied, The potash ,salt,s are 
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mixed by explosives or by scraping, I'he sails are brought up by 
modem conJeyor and modern transport sy,stem to the raw salt- 
Sd ng plant From there it is conveyed to the loading s atiorr 
Ind lifted to the factory above ground, Ihe secondary comtituents 
of the mineral constitute 85 per cent of the crude salt, Fhe refin¬ 
ing process represents well-planned use of physico-chemical equili¬ 
brium of salt solution and fractional ciyslullization. 

It is io produced from salt bittern aucl liriiies. Ihis again 
requires fractional distillation and crystallization. 

Suitability to different soil types , , , , 

Potassium sulphate: Respomsc to potassium sulphate has been 
obtained on all soils in India which arc deficient in potassium, fhe 
SO (sulphate) ions are retained by soils more strongly than Cl 

(chloride) ions but less ,strongly than PO, (pl^fPhf) ions. In 
soils which have high content of calcium the SO^(sulphate) ions aie 
retained more than in soils of low calcium content, Ihus, appli- 
(S ol” t.«m sulphate genmih will bo more upiopmte 
in soils of calcareous nature and alhahne reaction. Under wet 
conditions it is preferable to apply pota,s.sium sulphate than potas¬ 
sium chloride. This fertilizer will be more effective on light and 
medium soils than on heavy soils where aeration of crop_ suffers. 
Similarly in compact soils uptake of potassium from potassium sul¬ 
phate is restricted due to limited oxygen supp y. Ploughing o 
such lands increases the uptake of potassium. In highly leached 
acid soils sulphur deficiency is acutely observed. Under such con¬ 
ditions application of potassium sulphate is to be preferred to 
potassium chloride. It contains 39-48 per cent of sulphur. ^ 
Potassium chloride: In recent years the import of muriate of 
potash has been increa.sed as it contains 62 per cent KpO than the 
48-52 per cent of K^O in potassium .sulphate. Based upon _the 
chemistry of chloride ion in the soil it is inferred that under acidic 
soil conditions it replaces OH ions as.sociat(:d with the free iron 
oxides and, therefore, in such .soils muriate of potash is likely to 
giv6 more response than sulplmtc of potash, Bosiclcb, chlorine ions 
are less strongly retained on soil colloids than sulphate ions. It 
can be more safely used on heavy soils where chlorine ions will 
not accumulate very much. In alkaline soils the accumulation of 
chlorine ion proves toxic for crops, In jiotush-dcfiGicnt sous with 
alkaline reaction it should be used along with organic matter. 

Criterion for selection. When the cost per 45..3 kg of the 
fertilizer is the same for potassium sulphate and muriate of potash 


the latter IS to be preferred Id the former, a,s it I’niitaiiis higher 
content of pota.ssmm, In alluvial soil tracts and ino,st of the black 
cotton soil areas on equivalent price of K„0 basis, the .sulphate 
of potash 19 (1 preferred fertilizer, while muriate of potash i.s suitable 
for acidic, areas of tlie country. Both the fertilizi'rs being non- 
hygroscopic can be mixed with other stable fertilizers sneh Z 
.siipeiplios]3hate and aiiimomum Hulphatc, 

OTHKK FERTILIZING M.4TERrAl,S 

Gypsiiin. Although it i.s tissentially a soil amendment in soils 

7nn‘onn‘]:‘ d‘ir‘‘i''' i'Ppliratimis at the rate of 

100-„nn kg per 0,'I.) hectare are .suggested, This iiiiiy bring about 
50 per cent mcrea.se in yield of a crop like lucerne. Sulphtr f 
ciency has been reported from Poona. When .sulphate iorl cS 
ing fertilizers, .such as .sulphate of ammonia, .sulphate of potash 
and ,superpho,sphate, are app ied in large dressing,^ there may not 

■'"'p''” «■ 

_ Miignesium Rulplmte, In calcareous soils the high level of 
calcium depressc,s_ the uptake of magimsium .and pota.s|,m Appli- 
cation of magnesium Hiilphate iw .spray or by soil applicatiof/is 
iieceasiCated .sometime,s when enough of iihosohsi/a 1 ^ 

'T "'it!”.” 

the uptake of phosphorus. This is the retisoii why sometimes liuelv 

ffi^r53lpr! 

eleniem, ya aime”OTji wanliS'rf 

chloro^rrollftit commonly used to treat iron 

. . 1 ) pLiiits, This clelicienc/ is particuLirlv notltwl In 

by spraying with ferrous sulphate 
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Manganese sulphate. The deficiency of manganese is reported 
on calcareous or peat soils which have been recently liinecl Manga" 
nese may be present in unavailable form. In alkaline soils the uvaib 
ability of manganese is low and availability increases as soil be¬ 
comes acidic in nature. In overllmed soils spraying of manganese 
sulphate at the rate of 1.12-2.25 kg|ha cures the plant of the 
deficiency. For peat soils 45-56.25 kglha is the requirement. 

Zinc sulphate. The zinc deficiency occurs in heavy clay soils 
during W6t wsather. In marsh lands and ^ in snndy ^ soils which 
contain peat and are neutral or slightly acidic in reaction, it shows 
up in a very pronounced manner, This deficiency can ordinarily be 
met with by growing crops which extract zinc from the soil effi- 
ciently and by green manuring. Application at the rate oi lAJ, iUo 
kglha in spray is necessary to meet the deficiency. 

Copper sulphate. In very sandy and gravelly soils m Australia 
and South Africa copper deficiency has been noticed, There seems 
to be an interaction between zinc and copper because in the presence 
of copper there is response to zinc. Copper is applied as copper 
sulphate (2.8-5.6 kg|ha) depending upon its deficiency in soil. 

Molybdenum oxide. The requirements of molybdenum are 
extremely small. It sometimes occurs in acid sandy soil and parlicu- 
larly experienced by legumes. In light S3,ndy loam soils of Delhi ber- 
seem gave good response to it. The dressing per hectare varies from 
0,07-0.56 kg per ha of molybdenum oxide or 0,56-2,25 kg of ammo¬ 
nium or sodium molybdate. . 1-1 

Borax. .Boron may be present in adequate quantity, but soil 
conditions may be such that is availability may be low to the crops. 
Normally it occurs when acid soils are overlimed and appears more 
in dry than wet years. In highly leached soils boron availability is 
low. About 4.5-9.0 kg is usually adequate to meet the deficiency of 
the nutrient. It cannot be applied as spray but has to be dressed to 
the soil-in small, frequent doses to avoid excess toxicity to the crops. 

FERTILIZER MIXTURES 

General. Mixed fertilizers have become very popular in coun¬ 
tries where fertilizer dose is extremely popular, Some of the ferti¬ 
lizer mixtures have been adopted in India by farmers, particularly 
in the south. Most of the.se mixtures have been popularized by 
fertilizer-mixing concerns. The mixture first became popular to 
boost up sales of superphosphate in various countries, Some of the 
manufacturing concerns were apprehensive that superphosphate 
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sales may drop off if the farmers took to applying nitrogen or notash 
separately. Besides, these manufacturing firms wished to have lead 
m sales of their product over others by balancing the nutrS 
mqmred by crops on various soils which were defickit in dSent 

Advantages and disadvantages of using fertilizer inixtnres 
There are several advantages in, the use of fertilizer mixture In 
abour-scarce areas there is a saving in the cost of applStTon of 
fertilizers. Sometimes, the mixture of fertilizers has beltfer ScS 
condition and can be drilled easily into the soil Ttita orU 
pa«tala,ly wta .ha mkirp^a “ a 
In mixed fertilizers the plant nutrients required in small qu ntiS 
are apja^ied more evenly than if they had been aTplied sSriv 
When the mixture has been prepared on a scientific ^basis suited 
0 the crop and in consonance with the deficiency of nu on s „ 
the M Ac farmer is assured of right proportion of plant S^enS 

Thp disadvantages also are many. The individual nutriem imv 
be required at specific time by the crop to meet its neptl Thn in' ^ 

Fn vfigardmg the quantity of plant food nresent 

n the mixture. He ha.s to rely entirely on the nrade irlupriiopH 
by the fimis mixing plant food. When several fertilize art nS 
to prepare the mixture for a given weight of mitrienfo rnnr f ,* 
? transported, ThSea^^^^^ 

tf! mixture-manufacturing concerns charge 

'“S3 ^13 

mula' Lpt^The advantS t thTltrer’caSlarby^^^^^^^ 

iiaTwhS dS,slTrtain 

th. mxtm ,1 „ mmd ai I, olten me, 3ly 3 
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make-weight to balance the formula in the preparation, of the 
mde of the mixture. In order to improve, the physical condition 
S a fertilizer or a mixture a conditioning agent is often used to 
reducr caking, improve drillability, reduce hygroscopicity and so 
on Such a material is known as ‘conditioner. It is sometimes 
dSirable to add a conditioner to make a non-granular solid 
fertilizer into a granular fertilizer, 

Till recently there was a tendency to use krge quantities of 
fillers in the mixture, particularly ^so in the U.S.A, hut as high- 
grade fertilizer demand is increasing year after year the use of 
fillers is decreasing. The total content of plant food m mixed 
fertilizers at the turn of the Century was 13.9 per emit but m 
1949 it was 22 per cent and in 1953 it increased to 26 per cent. 
Thus) the quantity of filler is rapidly decreasing and high analysis 
fertilizers are being used to prepare the mixtures. ^ The_ conditioners 
are becoming more, popular as diese aie reqmrecl in extremely 
small quantities and improve the physical 'Conditions of the 
mixtures 

Materials for mixtures. Mixed fertilizers are compounded, 
from a few fertilizers of the nitrogenous solid fertilizers, the 
most important of which is sulphate of ammonia. Other fertilizers 
are anhydrous ammonia, ammonium nitrate, urea and calcium 
cyanamide. The phosphatic fertilizer in common use is superphos- 
nhate but the industry is now turning over to triple superphosphate 
, S mono- and diammonium phosphate. Both the potassic ferti¬ 
lizers, sulphate of potash and muriate of potash are used foi com¬ 
pounding fertilizer mixtures, . 

The compatibility of various fertilizers for niixmg depends 
upon the various reactions that take place, which m turn depend 
upon moisture conditions, temperature and fineness of particles. 
The double decomposition may occur., in the process of compound¬ 
ing As, for instance, the potassium nitrate and ammonium chloride 
are formed when ammonium nitrate and potassium chlorrde^ are 
mixed together, While preparing a mixture, ^actual loss of nutrients 
may occur. Mixing of highly basic fertilizers, such as calcium 
cyanamide, basin slag, quick lime and slaked Urne, cause loss 
of nitrogen from ammonium salts, so that compatibility of leiti- 
lizing materials must be kept in view while forming mixtures. 
Sonie of these materials as well as anhydrous ai^onia "when mixed 
with superphosphate decrease the water-solubility of phosphorus 
in superphosphate. Urea, calcium nitrate and ammonium nitrate 
impart poor physical property to the mixtures as they are hygros- 
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copic in nature. Ammonium sulphate adds to the caking of fertilizers 
if the mixture i.s not properly cured. 

Nowadays some of the fertilizer-inixing manufacturers are 
mixing pesticides, fungicides and weedicide.? with the fertilizens to 
enable the farmers to reduce further the co.st of application of 
these materials ^prioiMo sowing of the crop or after it has e.stab- 
lished itself. This simulianeously .siipplie.s nutrients to the crop, 
destroy.s weeds, and controls pests and di.s(ase.s, Although the 
demand for such mixtures in the U.S.A., New Zeidand and the U.K. 
is on the increase, the cost of pesticide in the mixture increases the 
cost of the mixture besides the compounding cost, Sometimes 
it is^ desirable to dress the fertilizers and pest control raalerials 
at dilfprent times to serve the required interests but comprehensive 
mixtures are less valuable than ap]jlication of separate ingredients, 

Mixing of fertilizers is most often cheaper than purchasing 
of mixed fertilizers, The eorrcspoiidiiig chart gives the compatibility 
of the fertilizers for safe mixing ;it the farm. 

Uraiiulution of iHixtm’e.s. In recent years the granulation of 
fertilizer materials has been taken up on an increasing .scale to reduce 
caking of the mixture, decrease the stigntgation of the constituents, 
enable preiianilioii of high amily.sis mixtures, and facilitate their 
drilling and application in die field. If the granukited product is 
hygroscopic it is liag,gt’d in moisture-proof containers for long¬ 
distance transiiort. 

Common mixiure.s, From a large mimbor of experiments con¬ 
ducted under Fertilizer Use Project from 1953 tO' 1956 it was 
possible to work out suitable c()rnbiiiation.s of mitrients for mix¬ 
tures. Gmierally with wheat and rice, on most of the soils, a combi¬ 
nation of 9 kg N i- 9 kg PgOr, gave tis good response as 18 kg 
N alone. The former combination jiroved definitely more remune¬ 
rative than straight application of nitrogen. Accordingly a 9:9 NP 
fertilizer will soon be manufactured in the country. The relative 
cost per kg P,/.). delivered to the farmers in this mixture will 
be Re one compared to Rs two per kg of P 2 OJ in superpho.sphate. 

The Indian Council of Agricultural Research has denionstrated 
the use of fertilizers 12:6, 12:6:6, j2;6.T2 in various localities. 
Some of the important fertilizer mixlure.s in vogue in .southern 
India are given in Table 33, 









5 SPII-I' I 3 3 0 I’ f a « s ^ 


li 

ii 

1 


i 


1 

1 

im 

ii 

1 

i 


i 

1 

U 


■ I 

1 

I 

i 



i 

iD 

m 

i 

I 

i 



□ 

ID 


1 

i 

I 

i 


□ 

m 

'm 

1 

1 

i 

!2 

1 


□ 


iiMii 

maoDO 

iiiiDi 


I Calcium iiiiralc 

I Cliilcan niiraic 
' Calcium iimnionium iiiitaic 
[ (Limciiont .imraoniiim iiilraie) 
I Ainmiiiiiiim siil|iliaic uiiraie 
Nitropotasli 

(I'fliasli iimiimiiiuin iiiir-iiel 
Sulnliale iif amimmia 


mastoummmDaBmaa 

Kna55SyiiPDPH«DCl^ 

mMlDDiiDODifflDOa .. 

iilBDni@DDni®aP° ™iiio..,.^n-i.«i>imic 

SniiiSSKaSsPP^^H ^T\ 

myffiffinpaPPDiDPP . 
BiMHonHyanMnDD 

n Fertilizers which can be mixed and stored. 

^ Fertilizers which can be mixed bnt not stored longer than 2-3 days, 
g Fertilizers which cannot be mixed. 

guide for mixing fertilizers 

First look up the component in question in the. horizontal 
calumrind then the other fertilizers in the vertical column. The 
iam where the two columns meet .shows whether mixing is 

’’“''Bemuse rock phosphate varies considerably according to its 
• • cL mlldri mi'ilities of rock phosphate also vary considera- 
b"y®'”'Sltn— ic abou. this l«bm' miscibilil, mu» be 
regarded only as a general indication. 
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Taiile 33. Comparison op*'analy,si,s of some fehtilizer 
mixtures marketed in south INDIA IN 19.50 AND 1957 


Auiilysls 1950 Anuly,sis 1957 


Mixiiires lor 

N% 

P% 

1 

jr/s 

Total 

plant 

N% 

P% 

I K% 

Total 

plant 

Coconut 

7 

8 


food 

23 

8 

8 

1 Hi 

food 

32 

Tapioca 

6 

8 

' 8 

22 

8 

8 

32 

Potato 

4.5 

15 

1 6 

25,5 

4.5 

13 

7 

^24.5 

25 

Virginia tobadco 

4 

16 

4 

24 

3 

13 

9 

Sugarcane (Kerala) 

10 

3 

2 

15 

8 

4 

1(J 

22 

Paddy (Kerala) 

14 

6 


20 

10 

7 

7 

27 

Paddy (Standard) 

12 

6 

' ■ I 

IB 

12 

6 

4 

22 


The plant food content of mixtures varied from 22-32 per cent 
in 1957. There was considerable appreciation in the plant food 
content over the mixture.s in common use in 1950. The increase was 
due largely to inclusion of more potash in the mixtures. During the 
World Agricultural Fair in New Delhi, in 1959, the Fertilizer Asso¬ 
ciation of India in co-operation with the Indian Institute of Public 
Opinion conducted a sample survey out of 20,000 fanners invited 
by the Bharat Krishak Samaj, A group of 528 fanners were cho.sen 
at random distributed _ on the basis of total cropped area in each 
State. The .survey indicated that only 11,6 per cent of the users of 
fertilizers dressed their crops with mixed fertilizers, 

QUALITY CONTROL 

In the wake of the increasing use of mixed fertilizers varioirs 
malpractices were adopted and are still in vogue, The.se are mixing 
of sand, lime, dolomite, wood-ashes, etc., to increase the bulk and 
reduce the content of plant food in the bag. Some mixing plants are 
unscrupulous and show a high composition of the mixture on the 
bags while the actual contents of plant food are low. In the U,S.A. 
every State has a fertilizer control law which operates to regulate 
the industry, Samples of material are drawn by the chemist of 
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o'iu'h State. These samples are analysed and the report submitted to 
the authorities. The fertilizer niumifacturers or distributors are 
penalised aceording to the law, depending on the nature of fraud 
detected in tlie analysis report, 

According to the regulations each bag must have printed, 
guaranteed percentage of tiie several ingredients claimed to be in 
it The analysis printed consists of total nitrogen, available 
and water-soluble potash in the order indicated, The _analy.sis is 
carried out according to thft official methods of analysis adapted 
bv the As,sociation of Agricultural Chemists whmh are acceptable 
to the industry as 'well as the official agencies, This use of 
low-grade materials carrying constituents in very unavailable form 
as iainst producers of high-quality products, which the fai-mer 
cannot detect ,so readily until tlu; produce has been harvested by 

them and respoiise .studied. , « . c t j- 

In order to regulate the Industry the Government of India 
issued the Fertilizer (Control) Order, _1957, under Section 3 of 
the Essential Commodities Act, 19.55, Minor .^endments have, been 
issued thereafter to improve its working This order authorises 
Agriculture Chemists in various States to draw sampleb_ of fertilizer 
mixtures for testing tlieir genuineness, It fixes the ^limits of purity 
permissible in .sudi samples. The district authoritie.s have been 
given powers to initiate proceedings against the defaulters. ^ It is a 
comprehemsive control order which gives directions for registration 
of business of fertilizer mixture, display of diemuial analysis of the 
mixture of fertilizers and printing of grade on the bag. 

This order was issued to regulate the bu.sin(;.s5 of fertilizer 
mixtures in the country from its very infancy, 

MARKETING AND DISTRIBUTION 

To .start with, the fertilizer tracle wa.n mostly controlled by 
private agmicies, During the World War II the programme of Craw 
More Food was initiated and under that programme a fertilizer 
pool was set up. This pool wa.s .strengthened due to large import 
of nitrogenous fertilizers during the past decade on Government 
account. Thus, nitrogenous fertilizer.^ are fully controlled com¬ 
modity, The planning for nitrogenous fertilizers starts a year ahead. 
The State Governments indicate their requiremerits inonth ;jy, 
month after taking into account of carry-over stocks, After taking 
note of internal production and available foreign exchange, global 
tenders arc invited for import of fertilizers. Some fertilizers are 
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obtained on bilateral trade agreements, I'lie Regional Directors of 
Food at the port.s liaiidle these fertilizer,s and de,spat(:h tlioiri, 
through clearing agents, to the State Governments. In some Statsis 
co-operative organizations hiindle the fertilizers, while in others the 
material is handled by private marketing agencies, 

The situation is different with phosphate and potassic ferti¬ 
lizers. The superphosphate industry is entirely privately owned. 
The control excercised is only under the Fertilizer (Control) 
Order, 1957. The important of rock-phosphate is largely controlled 
by the Government action to conserve foreign exchange, Since no 
potassic fertilizer is produced in the country, the.se are imported 
froin^ abroad by various concerns and marketed directly to the 
fertilizer-mixiiig firms or to the wholesalers and from them, to 
the retailers. 

For distribution of superphospliate the country has been 
divided into four zones, namely, Southern, Eastern, Northern 
and Western Zones. At the zonal meetings reprisentative.s of 
various zones meet and discuss problems of production and 
con.sumption with the industry under the aegis of the Ministry 
of Food and Agriculture. The requireinents of superphosphate 
are intimated and the firms offer commi.ssion, rebati,; and consider- 
able reduction in price when firm orders are placed in advance, At 
these meetings measures are worked out to ensure off-season move¬ 
ment of fertilizers, to create conditions for planned production 
by the factories and for chalking out prograwini! for cli.stribution 
by the States. 

Walters Jr. conducted, in co-operation with the Mirii,stry of 
Food and Agriculture and the Fertilizer Association, a .survey of 
the di,strlbution of fertilizers. The survey _ touched upon various 
aspects of the present .system of di.4tributlon of fertilizers. The 
survey indicated lack of co-ordination between different authori¬ 
ties responsible for indenting supplies, allotment of quotas within 
the States, propaganda for popularizing fertilizers, credit and its 
recovery, and other factors. Most of the indented .supplies were 
not being received in time. The quotas allotted to one parly were 
often transferred to another party at the last moment causing 
much inconvenience to the first consignee. As various types and 
sizes of bags for various fertilizers had not been standardized to 
the requirements of the farmers it resulted in spoilage, deterioration 
of fertilizers in transit and malpractices in sales. There was no 
well-organized marketing intelligence service for the farmers and 
fertilizer dealers, 
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Since 195V the- fertilizer trade has expanded froin 203,200 
tonnes of plant nutrients to 711,200 tonnes, The Fertilizer (Con¬ 
trol) Order has been issued to introduce quality control and 
suppress malpractices. The sizes of bags have been standardized 
and trade is being regulated. A Phosphate Fertilizer Scheme has 
been, initiated by the Industry which is meant to promote the 
sales of .superphosphate in the country. Similarly, Potash Scheme 
of the Internationa Potash Institute has been working to dissemi¬ 
nate the knowledge about the value of rjotash in balanced fertili¬ 
zation of crops. The Departments of Agriculture have been taking 
very active interest in recent years in promoting the u,se of ferti¬ 
lizers. Ill 1954, the Indian Council of Agricultural Research initi¬ 
ated a scheme on Fertilizer Demonstrations on cultivators’ fields 
to popularize new nitrogenous fertilizers, demonstrate riLsponse to 
combination of nitrogen, phosphorus and potash, and show the 
usefulness of fertilizer mixtures, The Indian Council of Agricultural 
Research has also initiated a Co-ordinated Scheme of Fertilizer 
Trials in all the districts of the countiy to work out responses to 
fertilizers on different soil types with various crops and thereby 
rationalize the use of fertilizers on a scientific basis. Thus, all the 
agencies on popularizing fertilizers and larger take-off. of fertilizers 
are well organised. 

Since the fertilizer Industry is fast expanding there is an 
urgent need to decentralize the Central Fertilizer Pool and hand 
over the trade co-operative agencies. Some steps in that direction 
have already been initiated. The supplies and services of the 
nature of fertilizers, which were previously handled by the Depart¬ 
ment of Agriemlture, will hereafter, to an increasing degree, be 
handled by co-operative societies. Attempt is being made to channel, 
on a larger measure, the sale of superphosphate and potassic 
.fertilizers, a.s well as the fertilizer mixtures to be handled by co¬ 
operatives, There, are, however, very many problems which need 
attention of the co-operative societies. These relate to proper 
assembling, storage,. transport, risk bearing and selling of the 
fertilizers. In the Second Five-Year Plan there was provision to 
set up seed, fertilizer and implement .stores in vilkge-Ievel circles. 
This programme has gone ahead but there remains much to be 
done. Central Co-operative Stores are still to be organized. The 
agency for transport of fertilizers from production and import 
centres to consuming centes has not been fully streamlined so 
that fertilizers are. available to the farmers at _the right time and 
in right quantities at a distance, not far from his place of activity. 
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Tor purchaffi of fertilizers the farmers need short-term credit 
■j studie^s in Vrshakhapatnara and observed that recoveries of 

essential to arrange for short-term loans bearing 4.5 per cent 

oreTenlth T to buy the fertilizers, ‘ At 

S acR '°-0P«‘]tives charge 10-12 per cent on .short-term loairs 
country f^fiterrent to e.xpanded u,se of fertilizers in the 

VALUATION OF FERTILIZER,S 

in are valued on the basis of plant food contained 

On*S availability of the plant food for crop iiroduction, 
labelled plant food value i.s given in terms of 
total nitrogen, available phosphoric acid and available potash. In 
dia the prices of straight fertilizers delivered at rail-heads are 
fixed by the Government, Thereafter, a margin is allowed to 
™ a, ddivayd price. The value of fc tXLu rU! 

Si wf ^ P®!* of plant 

per pound of plant food then the 
re,9ponse is also expressed in .similar terms. For instance, if the 
price per ton of ammonium sulphate (20,5 per cent N) delivered 

£ ' 1 ® i^® I*'® P"^ P'^’’ ^8 will be 

JA.S two. Similarly, for superphD,sphiitfi (16 per cent ?.,(),) the 

price per kg will be Rs two when price per 1,016 tonnes is Rs 25.5. 

pathocl of valuation of fertilizer employed in Western 
eountrms is to expre,ss U in units. This repriite 1 per S S 

AeSorMh«,lT t ' '“”"® « ‘US '«• I” w» 

value yiS™ *“ "" 

a ue ot tertilriers. The average response to 9 kg of nitroKPii in 

ammonium sulphate is 1.59 tonnes of paddy. 1’he value of if k N 
amounts to Rs 16,80, whiie the response, of paddy valued at Rs 12 
per md works out to Rs 54. Thus, the net relS! ?o 9 h 
nitrogen is Rs 37.20 per 0.45 hectare. Similarly, for phnsnlnte 

'»■»- «M7Thl 

ThiKi ® ^ response is Rs 43,20, 

J 29. Normally, the net m 

ponses are worked out for optimum doses of plant food which 
are experimentally determined from resRome curves, ^ ^ 
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MICKONUTRIENTS 


Nitrogen, phosphorus, potassium, culiuiiiu niagnusuim, Huphur, 
iron, mai Raneso, coppar, ana, ho,on, uio ylidanum and chlorme 
ara now accoptad as asseutiul, untriout dcunciits for crop. Of 
these, the first three are more lumihar us they are app md in re- 
Jaliv ly larger quantities as ferlih/ers to ero]is. llie last seven, 
thoufih essential for crop growth, are required m very small 
amounts and as tlieir concentration is vm7 low m tlm plants, they 
are kown as trace elements nr iiiicro-iiutrient elements. 

nOLIi m PLANT MhlTAIUILLSM 


The metaliolic iirocesses in plants are controlled by enzyme 
systems and the nnnnal growth depends upon the prmer co-ordi¬ 
nation of the latter, Sima; inicro.elnnmits are largely associated 
with enzyme .sy.st(!ms, their deficiency would bring about a disturb¬ 
ance of the activity of the latter and this in turn would affect the 
plant growth advemely. Plants of dill'erent genera and species 
have different enzyme systems; therefore, their nutrient require¬ 
ments may vaiy. , . c ,, i i, u, l 

Imn: It is essential for the .synthesis of chlorophyll, although 

it is not a part of its molecule. It is incorporated in several im¬ 
portant oxidation enzymes which are involved in the proce,S8 of 
rcKpirfltion. 

' Mani’anesc. It is es.scntial for the Hynthems of chlorophyll, as 
intense chlorosis msnlts under its severe, cleficimmy. It also acti¬ 
vate,? certain enzyme systems, , 

Copper. Copper i ,9 an e.ssenlial co-enzyme for oxidase enzymes 
catalysing the oxidation of phenols and ascorbic acid. 

Zinc: Zinc has a role in carbohydrate metabolism pci pro¬ 
bably in the turnover of organic phosphorus compounds, The pro¬ 
duction of auxins is also retardecl due to deficiency of zinc, 
Bom: This,nutrient does not appear to be an activator nor 
a constituent of an enzyme complex, Its deficiency leads to ab¬ 
normal differentiation of young tissiins and accumulation of soluble 
.carbohydrates and nitrogen at die expense of protein nitrogen. Its 
absence prevents pollen germination, in many plants. 

Molybdenum: Molybdenum is essential for nitrogen fixation 
in the .soil by Azotobacier and by the root-nodule bacteria, It is 
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also involved in nitrate reduction in micro-organisms and higher 
plants. Its diTiciency also leads to loss of ascorbic acid. 

Soil conditions influencing availability of micro-elements. 
Plants differ in their requirements and in their ability to extract 
trace elements from the soil. If a plant i,s unable, to obtain enough 
of a particular clement for its nomial requirements, a soil defi¬ 
ciency in that element is said to exist for that particular species, 
though it does not necessarily imply that the soil is deficient in 
that element for other species. Molybdpum deficiency, for ex¬ 
ample, occurs in cauliflowers on .soils which may supply sufficient 
molybdenum for normal growth of other vegetables. Clovers have 
a higher demand for molybdenum than the grasses,_ because it is 
necessary for the nitrogen-fixing processes of their rpt-nodule 
bacteria, Other examples of plants having relatively high micro¬ 
element needs, or poor extractive power, are oats and red-beet _for 
manganese, swedes and mangels for boron, fruit tree.? for zinc, 
and subterranean clover for copper and zinc, 

U.mially, only a fraction of each micro-element in the soil 
is accessible to plants. The proportion that is available^ depends 
on several soil factors. Of these, the soil acidity or alkalinity and 
the organic matter content arc the most important, since the.se! 
factors can be altered through cultural practices, 

Iron, copper, zinc, boron, cobalt and marigane,s(‘, ocmirrhig 
naturally in the soil, can be utilized by plants more easily under 
acid conditions than under alkaline conditions. On some alkaline 
soils plants are unable to extract sufficient copper, zinc and man¬ 
ganese for their requirements, although apparently adequate 
amounts may be present. On the other hand, some soils, both 
acidic and alkaline, have insufficient total supply of copper, zinc, 
boron and cobalt; copper deficiency in. subterranean clover on 
certain acid sandy soils in Australia is due to this cause. 

Molybdenum is the least available to plants in acid soils. 
Alkaline soil coriditions favour its availability. Thus, liming, if 
overdone, may induce deficiencie.s of manganese, zinc, boron, 
copper and iron. Response of clover to lime on certain acid 
soils is_ suspected to be due to the action of lime in increa.sing tho 
availability of naturally occurring molybdenum. 

Soils high in organic matter, such as peaty and marshy soils, 
show shortage of copper, A larger than the normal corrective 
application^ may be required on such soils to overcome the absoip- 
tion capacity of organic matter for copper, 
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Alkaliiiii piRity soils and soils higli hi organic matter made 
alkaline by liming are subject to inanganesfi deficiency. The avail- 
ability of manganese is also affected by the aeration of the .soil. 
Temporary waterlogging of organic soils can', by nxlucing aeration, 
greatly increase the available manganese. 

High phosphate application may induce zinc deficiency and 
high potassium application manganese deficiency. Heavy applica- 
tions of ordinary fertilizers also bring about deficiencies of micro¬ 
elements, As crop yield increases with intensive use of fertilizers, 
more of micronutrionts may be removed from the .soil and, thus, 
it might become poorer in micro-elements in course of’ time! 
Conversely, the increased growth brought about by the use of 
trace elements induces secondary deficiencie.s after a time. In 
.Australia the infertile sandy soils brought initially into greater 
production through the use of superpho.sphate and copper on 
subterranean clover pastures, sooner or later, were in danger of 
developing potassium deficiency in the herbage. 

Some soils suffer from ‘hidden deficiencies’ and the crops are 
said to suffer from ‘symptomles,s disease’. 

EFFECTS OF MICRO-EEEMENTS 

Toxicity. Even if present in amounts not much above the 
sufficient level, the micro-elements may be poisonoms. Boron- is 
toxic when the water-soluble form i.s too high, e.g.,, poisoning has 
been recorded in citrus in Victoria (Australia) on soils with 2--IG 
ppm of water-soluble boron. Ingestion of excessive raolybdiaium 
causes scouring in stock, and this sometimes occurs in stock grazed 
on herbage containing- a few more ppm of molybdenum than 
usual. In very acid soils iron and aluminium are often harmful 
but the most common toxicity is due to manganese, Naturally 
occurring toxicity due to copper and zinc has not been found in 
plants, but excessive uptake of copper may cause ill-health in 
sheep grazed on herbage of high copper content. The occurrence 
of micro-element excesses in nature, and the readine.ss with which 
poisoning can be induced artificially, are warnings against the 
mdiscnnunate application of micro-elements either to' tire soil or 
the foliage. 

Effects. Some examples showing effects of micro-nutrient 
deficiency on plants and the improvement in the quality of crops 
brought about through application of micro-nutrients are given 
below: 
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Qualily or nutritive value, 

1. Decrease in Vitamin A content of 

spinach 

2. Increase in Vitamin C content of toma-- 

toes and black currant 

3. Decrea.se in Vitamin G of tonialo and 

five vegetables 

4. Increase in Vitamin C in Chinese lettuce, 

Chinese red peppers and tomatoes 

5. Increase in Vitamin B and biotin content 

of beans, maize and flu.x 

6. Increase in tliiaraiiie and niacin content 

of tomatoes and turnips 

7. Decrease in arginine of thu protein 
in cauliflower 

ZING 

Deficiency. Zinc deficiency l.s due to iulliicnce of soil con¬ 
ditions or is can,seel by cultural practices. 

.Soil conditions. It commonly occurs in; 

fa) add, leached, sandy .soils with low total zinc; 

(b) alkaline soils in which zinc becomes unavailable; 

■(c) soils from granites, gneisses, etc,; 
id) sorne organic soils where zinc is tied up in forms not 
easily available; and 

(e) clay .soils with low Si-Mg ratios, where zinc i.s fixed in 
forms not ea.sily available to plants. 

Ciillnral practices. Zinc deficiency may be brought about 
by; 

(a) heai'y dosages or prolonged use of pho,sphaiic fertilizers; 

(b) liming of acid (especially sandy) soils; 

(c) nitrogen ^ fertilization; this effect is probably due to 

changes in pH or cation effects rather than to nitrogen; 
and ■ 

(d) alfalfa cover crop.s in orchards; the alfalfa roots may 
bring zinc to the soil .surface followed by decomposition 
of tops and release of zinc, or the alfalfa roots may solu¬ 
bilize zinc and help other plants obtain more. 
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Symptoms. In several crops the symptoms due to acute zinc 
deficiency are well defined and renders leaf or soil analysis super¬ 
fluous. However, the early stages of zinc deficiency cannot be 
easily identified unless leaf and soil analysis is undertaken. The 
visud symptoms deficiency on some important crops (cf. Chap- 

man, 1960), are given below: i i . . 

AMle (Malus sylvestris): Leaves developing m spring are 
characterized by whorls of small, stiff and sometime.s mottled leaves 
near tips of current season’s growth; except for termina.1 rosettes 
twigs are bare for some time; later branches may arise below twigs 
and produce almost normal leaves early; later these become mottl¬ 
ed and irregular in shape; fruit bud-formation reduced; develop- 
ing fruits are small and malfomed; twigs may dieback after first 

Barley (Hordeum sj!/.); Leaves are uniformly chlorotic, dry¬ 
ing up; tip growth ceases , 11,1 j 

Broad bean (Vicia faba): Leaves and flower buds shed; seed 

pods fail to develop. , . 

Corn {Zea mays): Light yellow streaks between veins follow¬ 
ed rapidly by necrosis in older leaves; in extreme cases young leaves, 
unfolding in bud, are white to light yellow. 

Go fee (Coffea arabica); Reduction in length of internodes 
in one or more branches, and leaf and fruit size; chlorosis, which 
may resemble ‘mottle leaf of citrus’ pattern. Dieback occurs. 

Cotton (Gossypium sp.) ‘. Leaves chlorotic with necrotic areas. 

Max (Linum usitatissiraum); Greyish-brown, collapsed spots 
in young leaves, followed by drying and colour changes to brown or 
white. Internodes between leaves shortened with resetting appeal- 
ance. Latter apex of main stem, becoming necrotic, 

Garden bean (Phaseolus vulgaris): Leaves and flower buds 

shed. 

Garden pea (Pisum sativum): Lower leaves necrotic at mar¬ 
gins and tips; stems stiff and erect; flowers none. 

Citrus species'. Leaves chlorotic-—‘mottle leaf’ of ‘french- 
ing’ twigs tend to dieback; fruit quality and quantity affected. 

Oms (Avena sativa): Leaves pale-green; older leaves’with 
collapsed areas at margins and tips, greyish; rest grey to bronze- 
green; necrosis extending dowp the leaf. 

Peach (Prunus persica): Leaves chlorotic, mottled, narrow, 
rather crinkled, twigs short, internodes near tips with leaf rosettes, 
defoliation progressing upward, fruits few, mis-shapen and 
worthless. 
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Potato (Solanum tuberosum): Leaves with greyish-brown to 
bronze irregular spots, initially restricted to ha]f_ way up plant, 
and finally on almost all leaves; in extreme deficiency stems and 
petioles developing brown spots; plants short. 

Squash (Cutui'bita maxima): Leaves mottled with necrotic 

areas, . ., , . 

Sugar-beet (Beta vulgaris): Leaves necrotic with brown to 
greyish spots, tips withering, only petioles green. 

Tobacco (Nicotiana tabacura): Lower leaves .slightly chlorotic 
at tips and margins, followed by necrosis of chlorotic tis,sue, sma.Il 
areas at first sometimes surrounded by halo—these areas rapidly 
enlarge, become water-soaked in appearance; small veins at fimt 
involved in breakdown; latter veins as well as tissue between veins 
dry up; internodes short, leaves apparently thickened, 

Tomato (Lycopersicon esculentum): Leaves mottled and 
necrotic, leaflets small, midrib shortened 

Mitigating zinc deficiency. The practices that mitigate zinc 
deficiency are as follows: 

Soil fumigation or sterilization prior to planting a crop itn- 
proves its zinc-supplying power or availability; alternatively this 
treatment reduces detrimental organisms and roots grew better. 
This has beeh noted in new citrus plantings on old cirtus soils 
where comparisons of fumigation and non-fumigation have been 
made. , 

Under soil conditions where organic matter in surface layers 
is built up zinc accumulation is favoured, 

Addition of organic matter to soil or growing green-manure 
crops frequently improves crops subject to zinc deficiency. 

Excess zinc occurs: (a) under some kinds of acid peats, (b) 
near lead mine dumps where soil has been contaminated with 
seepage, (c) in soil contaminated with zinc from mining opera¬ 
tions, and, (d) in soil derived from rock materials hi^h in zinc, 
The_ cultural practices which tend to bring about zme toxicity 
.are acidification of some soils and accumulation of excess zinc 
from zinc fertilization, as has occurred in .some soils in Florida 
(U.S.A.). Zinc application may become especially hazardous 
where such soils become acid due to application of acid-forming 
fertilizers. 

Zinc excess. It has been found that 400 ppm zinc in replace¬ 
able form was toxic to corn (Barnette, 1936). Calcium carbonate 
at 4,480 kg|ha overcame the toxicity, Staker and Cummings (1941), 
and Staker (1942) found some New York peat soils where zinc 
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was present in toxic concentration varying from 0.43-10,16 per 
cent; most of it occurred in exchangeable form, Spinph, lettuce 
and carrots were severely affected. Application of sufficient sodium 
hydroxide or calcium hydrate to bring the_ pH^ to neutral, reduced 
the toxicity in soils which were not too high in zinc. 

Symptoms, Citrus, oats and sugar-beet: Leaves show iron 
chlorosis. 

Barley and grasses: Rusty-brown flecks on leaves and death. 

Control of zinc deficiency and excess. Ziiic deficiency can 
be corrected by spray and soil application, injection into tree 
trunks and inserting irieces of galvanized iron into branches or 
trunks of tree.?. Spraying trees with zinc sulphate ha,s been more 
generally used with success; it is advisable to add about half as 
much quantity of lime or soda-ash a.s that of zinc sulphate to the 
spray solution in order to guard against injury^ to the foliage. 

"Where excess zinc occurs, application of limestone or phos¬ 
phate lowers zinc Solubility and absorption by plants, 

The doses of zinc sulphate applied for _ correction of zinc 
deficiency is variable for different crops as indicated by Chapman 
(19’60) are given below: 

Alfalfa (Medicago sativa); 0.5 per cent zinc sulphate as syray. 

Bean (Phaseolus sp.): 0.3 per cent zinc sulphate as spray 
when 10-15 cm high. 

Tomato (Lycopersicon esculentum): Watered at setting out 
time with a solution containing 0.2 per cent zinc sulphate, and 
applied at 5400 litres/ha. 

Almond (Pyrus amygdalus); Dormant spray of 6.8-11.3 kg 
zinc sulphate per 454.5 litres of water,, In severe deficiency, a 
summer foliar spray of 4.5 kg zinc sulphate -j- 4.5 kg lime hydrate 
to 454.5 litres of water. 

Apple (Malus sylvestris): Dormant spray of 11.3-22.6 kg 
zinc sulphate per 454,5 literes of water. 

Cherry (Prunus avium); Dormant spray of 22.6 kg zinc sul¬ 
phate per 454,5 litres of water -f 5,4 kg zinc sulphate with 2,7 kg 
lime hydrate to 454.5 litres of water, 30 days after leaves appear. 

Citrus: 2.2 kg zinc sulphate, 1.1(1 kg lime hydrate in 454,5 
litres of water applied before spring growth cycle or in early sum¬ 
mer, 10-5-100 formulation gave longer control. 

Dormant spray containing 1.8-3.6 kg zinc sulphate 
per 455.5 litres of water. 

Peach (Primus persica): Dormant spray containing 6,8 kg 
zinc sulphate in 454.5 litres of water. Foliar sprays containing 
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4.'5 kg zinc sulphate, 2.2 kg lime hydrate in 454,5 litres of water 
in spring, and a dormant spray from 4,5-22.6 kg zinc sulphate 
per litre were tried in Australia with success, Dormant sprays, 
in late winter, of 22.6 kg zinc sulphate in 454.5 litres of water 
were found effective in Australia. 

Pear (Pyrus communis): Dormant .sprays of 11.3 kg zinc 
sulphate in 454.5 Hires of water. 

Response to zinc under Indian conditions: Zinc applied 
directly to soil or as a spray is beneficial to agricultural as well as 
horticultural crops under Indian conditions. In Tamil Nadu, 
orange trees suffering from the mottle leaf and gradual deteriora¬ 
tion have benefited from its application (Mamdarajan, 1949), But 
orange trees .suffering from mottling and gradual defoliation in the 
submontane Kukal Shrevaroys did not respond to zinc, manganese, 
iron, although .spectrographic analysis of leaves showed deficiency 
of these elements. Guuve .(Psidium guajava L.) plantations in 
Pushkar Valley, suffering from interveinal chlorosis, reduced leaf 
size and dieback, improved after spraying with zin,c sulphate (0.45 
kg ZnSO^ and 0,31 kg hydrated lime in 73 litres of water). Vasu 
deva and Rayclioudhri in 1954 and Mani et al in 1959 reported 
that spray of zinc sulphat (0.90 kg ZnSO,t and 0.45 kg lime in 
864 litres^ of water) on nalla and orange trees suffering from chlo- 
sis and ^dieback in the Durgapur farm at Jaipur, Rajasthan, .signifi¬ 
cantly improved. The cost of one spray of the mixture with a 
power-operated and, hand-operated sprayer worked out at 7 and 10 
paise per tree, respectively. Two sprays a year were recommended 
as a general protective measure in that tract. In 1966, Dhingra 
et al, noted that spraying citrus tree with 0.3 per cent zinc sulphate 
reduced chlorosis and_ increased the zinc content of the leaves, Singh 
in 1963 _ reported a significant increase in yield and better seed-set 
in BrassUa species by two foliar sprays of 500 ppm of zinc. Dastagir 
in 1965 reported that the new yellow leaf disease of arcca palm 
m Mysore State could be controlled by applying 113-142 kg of zinc 
•sulphate per palm together with application of NPK, Patfil and 
Patel in 1949_ reported beneficial effect of zinc on growth its well 
as bud-formation of cotton. Application of zinc sulphate to soil 
increased the yield of American Upland cotton ‘Indore 1’, in Malwa 
tract with soil pH varying from 8.2 to 8,8. The response varied 
from season to season and when (in the fourth season) zinc was 
not applied, the increase in yield was statistically not significant. 
As the cOuSt of these micronutrients was high in relation to increase 
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in yield, these applications could only be economical if the effect 
of one application lasted for three years, Smaller closes of these 
micronutrients were not found clfective.^ In l-'Ob, Sad^hal and 
Das reported that zinc sulphate applied in addition to NPK at the 
rate of 5.6 kgiha to soil, or as spray of 1,12 kg|ha increased grain 
yield of wheat by 190 and 271 kg|ha mspectively, over the NPK 
treated control and total grain protein. Saclaphal and Das in 
19611) also obtained good response to foliar application of zinc 
(16 1 per cent increase) in grain yield of wheat. Kanwar et al. 
in i 958-62 and Bhmnbla et al. in 196:1-65 observed significant 
increases in yield of wheat by foliar application of zinc in several 
trials with calcareous and acid soils, but^ only in a few trials with 
non'calcareous neutral .soils. In 1964, Kanwai and Jo.shi also le- 
ported significant increases in wheat liy foliar as well as soil appli¬ 
cation of zinc sulphate in Kangra and Kulu districts, Koraddi 
and Seth in 1964 obtained 1,5.2 per cent increase in grain yield 
of wheat by applying zinc sulphate (2.27 hglha) to the soil or 
(0.57 kg|ha) to foliage. Kanwar ct al. m 1958-62 and Bhumbla 
et 'al. in 1963-65 studied the effect of foliar application of zinc 
sulphate on rice and reported .significant increases in yield in .several 
, experiments with calcareous soil but only in one experiment with, 
neutral or non-calcareous soil, Significant increases in yield of rice 
due to soil application of zinc sulphate to acid soils of Punjab 
were reported by Kanwar in 1964 and Kanwar and'Joshi in 1964. 
Increase in yield of rice due to soil application of zinc was also 
reported from Tamil Nadu by Kariinakar in 1952 and other Slates, 
Significant increases were also obtained in acid soil under pot- 
culture conditions. In 1964, Singli and Jain obtained increased 
(16.1 and 19.5 per cent) grain yield of rice by foliar application 
of 1,25 and 2.53 kg|ha respectively of zinc as zinc .sulphate. Siib- 
barao <it al in 1959 reported a high response of cane yield to the 
application of ZnSO^ at the rate of 5.6 kg|ha to the furrows before 
planting. Kanwar in 1962b observed an increase of 30.4 q|ha of 
potato tubers over NPK alone by soil application of zinc sulphate 
at 33.6 kg|ha, whereas there was no re.si)Ouse to other micro¬ 
elements. An increase of 108 qjha was also noted in the Kulu 
district by Kanwar and Joshi in 1964, Gautara et al. in 1964 
observed that soil application of zinc sulphate (5,6 to 6.7 kg|ha) 
together with NPK and other micronutrients increased maize yields 
over that of NPK alone, and that soil application of zinc and other 
micronutrients was superior to foliar sprays. At Ludhiana, Kanwar 
et al. in 1958-62 and Bhumbla et al. in 1963-65 observed signifi¬ 
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cant increases in yield of maize by spraying zinc sulphato. At 
Palainpur, Kanwar and Joshi in 1964 rei)orted that .soil application 
of zinc sulphate increased the yield of maize over NPK alone by 
242 kg|ha. In the Kulu district also significant increases were 
obtained by Pareek and Jain in 1966 by soil application of zinc 
sulphate. With desert .soils of Rajasthan also, soil application of 
zinc sulphate at the rate of 11,2 and 22,4 kgjha increased grain 
yield over NPK alone by 4.2 and 4,11 q/ha re.spectively. In 
Rajasthan, Mathur et al. in 1959 obtained increased (not signifi¬ 
cant) yield of barley 83 to 407 kg|ha over the control by .soil 
application of zinc at 5,6, 11.2 and 22.4 kg|ha. Das and Shri- 
vastave in 1965 reported that treating the seeds with zinc .sulphate 
solution (0,04 per cent) increased the yield of barley grain by 
11.9 per cent and straw by 12.3 per cent. Beneficial effects on 
yield of ragi were reported by Gopalarao and Govindarajan in 
1950 and Govindarajan and Gopalarao in 1951 by application of 
5,6 kg|ha zinc sulphate to the reddish-brown .sanely loam field at 
Bangalore. The effect was more pronounced under irrigated con¬ 
ditions. _ In 1953, Govindarajan also observed increased yield, both 
under imigated and non-irrigated conditions, by pre-soaking rajii 
seeds with 1 per cent zinc sulphate solution. 

MANGANESE 

The visual symptoms of manganese deficiency in different crops 
are given below, 

Oats: The second and third leaves with marginal grey-brown 
necrotic sppts and .streaks; spots usually confined to lower half of 
the leaf, in due course elongating and coalescing, extending across 
the leaf blade at the distal end of the basal affected part, conse¬ 
quently causing death of the tissue; collapiiing of leaf at tliis point 
with a sharp kinking back of the tip. Death of green ti.ssue extend¬ 
ing upwards and downwards, leaving the leaf tip green and alive, 
until most of the leaf shrivels, becomes greyish-brown. In .severely 
affected plants tillering is absent, the growing point dies and fresh 
leaves are no longer formed. 

^ Symptoms less marked, pale-green leaves with faint 

chlorotic streaking and_ yellowing; inteiveinal white le.sions and 
streaks in form of whitish-brown bands developing between llie 
veins. 

Barely: Leaf becoming pale-green, very light and dark border¬ 
ed; occasionally, rust-brown spots appearing between the main veins 
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and coalescing on the leaf margin, in the form of necklace-shaped 
rows in the centre of the- leaf. In some cases necrotic spots deve¬ 
loping across the middle of the leaf with the distal end falling over 

as in oats. , . ,, , , 

Mam-. Mesophyll tissue collapsing, producing white strips due 
to coalescence of chlorotic spots initially formed between the green 
veins and resulting in a very characteristic striped chlorosis. Later, 
the tissue in the middle of the chlorotic areas turning brown and 
becoming necrotic. Dead tissue soinetimes falling out of the leaf 
leaving a number of holes, ,, , , , , 

Susamne: The disease Tahela blight’ has been ascribed to 
manganese deficiency; 3rd, 4th and 5th leaves below the youngest 
unfolded leaf of the cane develop whitish-chlorotic streaks on the 
leaf blades. Later small reddish spots appear along the length of 
the while streaks. Plant growth becomes stunted. In case the red 
spots are numerous enough, reddish-brown streaks are formed along 
which the leaf surface splits longitudinally, 

GrasJest'In general grasses not very sensitive to manganese 
deficiency; leaves developing brownish tips and greyish spots. 

Potato-. iTlie top parts of the plant chlorotic, leaves turning 
pale, losing their lustre, being smaller and curled up; numerous 
necrotic spots appearing along the veins; in acute deficiency much 
browning and yellowing of plants, especially young leaves. 

Tomato-: In areas farthest from the major veins the leaf colour 
turning light green and finally yellow; yellowing gradually extendr 
ing into larger areas; the vein.s remaining green _and ^ a mottled 
appearance develops. Necrosis sets in as small pin-points at the 
centre of the yellow area; little or no blos.soming; no fruit formation, 
Tobacco- The younger leaves losing colour between the veins; 
followed by loss of colour in the minutest branches of the veins, 
giving the leaf a checkered appearance due to the contrast between 
green veins and the chlorotic tissues. Spots' of dead tissue appear 
scattered over the entire leaf, and these dead tissues may ultimately 
drop out. Considerable dwarfing and yellowing of the plant occurs. 

Chlorosis starts in the growing tips and gradually 
extends throughout the plant. The web of the leaf turns pale- 
green to golden-yellow. The green colour persists longest along the 
main veins, Later on, white dead areas may appear between the 
leaf veins. 

Sweet potato : The leaves develop slight chlorosis with the vein 
network remaining green. In case of a severe deficiency the back¬ 
ground lightens to a pale yellowish-green. Younger leaves are affect- 
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ed first. Vine growth becomes somewhat limited. Sweet potato 
production is reduced but the size is not much inlluenced. 

encumber-. The web of the leaf becomes yellowish-white, while 
the regions along the vein and midrib remain green, .Stems and 
leaves are smaller, weaker and .slender. 

Brassica crops: The symptoms first appear as an interveinal 
chloyotic marbling. Under severe deficiency the entire leaves may 
be practically bleached, only the veins remaining green (Kale) or 
some necrotic ti,5sue may develop in the mottled tissue, when it 
takes on a dull brownish appearance (Savoy cabbage). 

Peas: The plants may appear quite healthy or in severe de¬ 
ficiency, may liave slightly chlorotic foliage. Young tendrils and 
internodes at the tops show brownisli di.se(.)lnuratinn. The youngesi 
leaves may fail to expand. Slightly older leaves acquire character¬ 
istic mottling due to green veins and yellow interveinal areas. The 
lower leaves retain green ciolour. Later, growing tip,s and younger 
leavc,s may die, 

The seeds show a very characteristic condition known as 
‘marsh spot’ disease, Small brown .specks or larger circular brown 
areas are seen on the inner flat .surfaces of the cotyledons. The 
areas may become hollowed out in very .severe deficiency. 

Peanuts: Leaves start yellowing and later on take up bronzed 
appearance. 

Beans: Interveinal chlorosis, In severe eases the entire leaf 
turns yellow to yellowish-green, and the veins remain green and 
stand out in marked contrast, The seeds may have ‘marsh .spot'. 

Cotton: Yellowish-grey or reddish-grey leaves with green veins. 

Flax: Chloro.sis and twisting of top. 

Rubber plant: An overall paling with hatuLs of green lissue 
outlining the midrib and lateral veins. Growth is retarded. 

Flowerinj’ plants: Chiefly in rostrs and chrysanthemum and to 
a lesser extent in Primula obconica, Syringa and Gerbm there 
occurs a chlorosis of leave.s, the veins remaining green. Moreover 
in lilac, brown spots appear on the leavc.s, 

Coffee: The leaves show a network of green veins on a lighter 
green background. Symptoms more characteristic on younger leaves. 
The plants do not produce any flower. The growth of the trees 
are slightly reduced but there is no leaf dropping, 

Onion: Chlorotic streaking of leaves. 

Apples: Interveinal chlorosis, which begins near the margins 
and extends towards the midrib, and finally only the veins .remain 
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green. Strongly growing young shoots may be only little affected 
(difference from iron deficiency). 

Pears: The normal green of the leaves may appear slightly 
faded and somewhat faint interveinal chlorosis develops, beginning 
near the margin and progressing towards the midrib. The chlorosis 
is less pronounced than and very distinct from that of iron deficiency. 

Plmis and peaches: Same as for apple but the chloro.sis may 
bo very severe. 

Cherries: Leaves show a marhed interveinal chlorosis with a 
very definite pattern, beginning near the margins and progressing 
towards the midrib. 

Raspberries: The leaves may show intei-veinal chlorosis over a 
considerable length of cane. With some varieties (e.g., Lloyd George) 
the V-shaped interveinal chlorotic pattern is very clearly marked but 
for others it is more diffuse. There may be some difTiciilty in 
distinguishing between Fe and- Mii deficiencifi.s, though the former 
is usually restricted to tip sections. 

Gooseberries and strawberries: Very resistant, slight interveinal 
chloro.sis under extreme conditions of deficiency. 

Citrus: Leaves yellow-green or chlorotic but do not mottle. 

Gum or resinous spots occur on either or both .sides of the 
leaves, their number at first being greatest along the base of the 
midrib. In acute cases leaves abscise prematurely and .shoots die- 
back. Such shoot,s may show a resinous excrescence or gum-pockets 
from which gum may be exuded. 

Pineapple: Slight yellowing of the plant was noted in later 
.stages (near harve.st) but no chlorosis of leave,s. Growth, fruit, 
slip, sucker and root production normal. 

Soil conditions influencing availability of manganese. 
Total mangane.s(Mn a soil is made up of three forms with widely 
different solubilities and all of these are not readily taken up by 
plants. The form which is of prime importance for plants is avail¬ 
able or ‘active’ manganese, which includes soluble and exchange¬ 
able bivalent manganese and those forms of manganese oxide which 
are ea.sily reduced by hydroquinone at jrH 7, A moderately active 
form of manganese consists of those oxides which oxidize hyposul¬ 
phite at pH 7 and hydroquinone at pH 2, but not at pH 7. 

An increase in pH brings about a conversion of bivalent 
manganc.se compounds to unavailable manganese oxides. On the 
contrary, manganese toxicity Is rather common at pH -K5 or lower. 
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Although it luLS been repeatedly found that addition of organic 
matter to .soil brings about deficiency symptoms, the role of org;tnic 
matter in making bivalent manganese unavailable i.s not cletirly 
undcnslood. There are also reports about the amelioration of 
manganese deficiency liy the addition of organic matter, and thi.s 
effect is attributed to reduction of mangane.se oxides to bivalent 
mangane.se by the organic matter at high pH, 

Nitrate and ammonium fertilizers (and ,sornetime.s also pho.s- 
phatic) hiive been reported to increase the uptake of manganese. 
Phosphatic fertilizers as well a.s lime have been found to ,suppre.s.s 
the efrect.s of mangane.se toxicity; heavy liming, however, often 
leads to manganese deficiency. 

Waterlogging in(;rea.se,s the available manganese to toxic limits 
due to anaerobic conditions. 

Correction of manganese deficiency and cxcchm, Manganese 
sulphate is by far the most common form of mangane.se fertilizer 
used, although other carriers of manganese have been found to be 
generally as effective as manganese sulphate. Doses varying from 
20-100 kg per hectare have been recommended by various authors; 
alkaline or organic matter-containing soils may require even larger 
amounts. Spraying with manganese sulphate has also been recom¬ 
mended, but more than one spray may be necessary. , 

Spraying is economical since much smaller amount can be 
employed. The usual range of concentration used i.s 0.2-0.5 per 
cent manganese .sulphate solution at the rate of .lOO-ljOnO litres 
per hectare. Manganese chloride solutions ranging from 2~10 per 
cent in concentration have also been usiid in correcting manganese 
deficiency in forest trees. 

In fruit trees injection of solid maiigune,se salt (bore-hole 
method) has often been found useful. It has been reported that 
for grapes the bore-hole method and spraying were not effective; 
application of manganese sulphate paste (400 g mangane,se sul¬ 
phate, 400 g sugar and 300 g sulphate) on priming cuts was 
recommended. 

Application of manganese chelates (Mn-EDTA, Mn-HEEDTA, 
etc.) to soil or as spray has also been reported to be useful. 

Manganese toxicity can be corrected by addition of lime to the 
soil or by spraying iron salts. 

Response to manganese under Indian conditions. In 
1953, Dastur and Kanwar Singh reported that manganese applied 
at the rate of 16,8 kg|ha on black cotton soils at Indore signifi- 
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cantly increased the yield of seed cotton. An ^ average increase : 

of 30' per cent in grain yield and grain protein of whpt was | 

obtained at Delhi, over ii period of three years, from soil appli- 
catiooi at the rate of 11.2 kg|ha and spray application at the 
rate of 0.9 ]tg|ha. Gosh et al. in 1964 observed significant in¬ 
crease in yield of potatoes by soil application of (22.4 kg|ha) of I 
manganese. In Andhra Pradesh, Krishnaraurty in 1959 noted i 
drying of leaves from apex downwards, chloro.sis progressing from 
leaf margins inwards and premature death of tillers in rice with 
toxic levels of manganese. He attributed the chlorosis of rice to 
manganese toxicity. Kanwar ct al. in 1958-62 and Bhumbla 
et al. in 1963-65 obtained an increase in yield of rice with foliar 
application of manganese in 2 out of 7 experiments on calcareous 
.soils, but little or no response in neutral and non-calcareous or 
acid soils. Foliar applications of manganese significantly in¬ 
creased the yield of wheat grain in 6 out of 14 trials in calcare- ■ j 
ous soils and in only 3 out of 6 trials in acid soils. Mathur et aL i' 

in 1959 obseiTcd increased yield of wheat by soil application of 
manganese. In 1964, Kdraddi and Seth observed that soil appli¬ 
cation of manganese (9.84 kg|ha) increased the yield of wheat 
grain by 23.7 per cent and foliar application (2.46 kg|ha) by 
17.8 per cent over NPK treatment under Delhi conditions, In 
1965, Das and Srivastava reported that seed treatment with 
manganese delayed maturity but increased the yield of straw 
and grain in barley. Kanwar et al. in 1958-62 and Bhmnbla ; 
et al. in 1963-65 obtained increased yield of maize by foliar J. 

application of manganese sulphate. Increased yields of maize Y" 

by soil application of manganese were also obtained by Kanwar i 

and Joshi in 1964 and Pareek and Jain in 1965 at Paiampur and I 

Rajasthan, respectively, whereas Ghosh et al. in 1964 observed. f 

no such response at_Delhi, In 1965, Jogi and Ahuja (1965)^ ! 

noted that soil application alone of manganese and in comWpa- ; 

tion with all micronutrients increased the yield by 25 per cent J 

and 16.6 per cent respectively, in hybrid maize at Solan, Joshi | 

in 1965b, in Maharashtra, and Datta and Bains in ,1959, at .! 

Delhi, found that jowar responded well to application of manga- .. 1 
nese. In Rajasthan, Jain and Mehta in 1965 obtained a slight i 
increase in yield of gram (8,0 to 40,3 kg|ha) over control by ! 

soil application of 5.6 and 11,2 Icg|ha of manganese sulphate to 
the sandy soils. At the Indian Agricultural Research Institute, 
grain did not respond consistently. to manganese application. 
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Deficiency of copper (.anises a number of irregularities in plant 
growth, as described below. 

Maize-. Youngest leave.s become light yellowish-green near the 
base of the leaf and tips necrotic, When deficiency is less severe, 
and plants are 1.2-2,4 m tall, necrosis appears along the margins 
of the upper leave.s, usually near the ba.se and sometimes extending 
to the tip, (Similar to K deficiency, but narrower, particularly at 
the leaf tip, and appear only on upper leave.?). 

Wheat-.' Growth is restricted in copper-free cultures for some 
time before specific, deficiency symptoms develop. Deficient plants 
gradually become pale-green (than normal) and show limpness or 
lack of turgor in the emerging leaves. Older leaves remain green and 
healthy but bend back sharply close to the ligule. Later emerging 
leaves fail to unroll normally, turn yellow at the tips and'die. 
Growth of tiller ceases. The older leaves die and dry out to a 
bleached greyish colour, 

Tomato: Growth of shoots is stunted and root development is 
exceedingly poor. Other spptoms seen are dark bluish-green 
colour of foliage, leaves curling upward and inward and reduction 
in size of leave.?, absence of flower formation, development of mot¬ 
tled chlorosis of leaves and a lack of firmne.ss in leaves and .stems.. 
There is a permanent wilting of the entire top of the plant. At 
later stages necrotic areas may appear in the leaf tissue. 

Onion: Scales are abnormally thin and are of pale-yellow 
colour. Cu-deficien£ onions lack solidity and firmness, 

Plants are severely stunted ahd chlorotic with 
green spots on the leaves,tand marked yellowing and browning at 
the leaf tips, 

Tobacco: The deficiency symptoms start as dull greyish-brown 
‘ greasy ’ looking spots, concentric in formation, located between the 
veins; spots vary in .size from 3.1-12.7 mm in diameter. They 
dry out from the centre, turning brown while the surrounding', tissue 
is yellowish-green. The disorder usually shows up first towards the 
leaf tip, but eventually all the portions of the leaf may be involved. 
The spots tend to spread and (loalesce to form large irregular 
patches-which dry out to a warai brown colour in which the 
original spotting can be seen as a marbling effect. There is a warm 
chestnut-brown discolouration like air-dried barley. 

The upper leaves are unable to retain turgor or rigidity so that 
they wilt badly, When copper deficiency becomes evident during 
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the flowering stage, the seed stalk does not stand f;rect and the 
amount of seed is reduced. 

Pkx and linseed: In the beginning growth is normal for 
about a month. Afteinvards growth is retarded, internodes become 
.short, giving the top a somewhat rosetted appearance. New leaves 
are smaller and more pale-green as compared to control. They 
become puckered, slightly inrollecl along the edges and very twisted. 
The stems of plants are also twisted. Later the leaves in the mid-, 
die portion of the stem develop a dark greyish-green, semi-trans¬ 
parent discolouration at the tips, The,se leaves soon drop off and 
wither, and die from the tips downwards. The lowest leaves 
remain normal. Secondary shoots are sent from the bottom but 
soon become chlorotic with .small twisted leaves. Finally growth 
ceases and plants .start dying. Blooming is inferior and seed cap¬ 
sule-formation lesser. 

Peas: The first noticeable symptom is the limpness of the 
top few cm of the main stem; considerable dropping occurs, 
and it is unable to support itself in an erect position. Apart from 
this, vegetative growth appears normal and no characteristic leaf 
symptoms arc ob,scrved. Only a few flowers are formed, no .seed 
is formed and the plants die earlier than those receiving copper. 
Under field conditions the decreased .seed production i.s the most 
important feature of the disea,se in peas. 

Lucerne: Petioles of newly-formed leaves shows a peculiar 
epinastic curvature. The petioles of newly-formed leaves curve 
downwards and the leaflets fold backwards along the petiole in- 
■stead of opening out. Shortly afterwards the leaves wither and 
die, and the tips of stems cease growth. 

Pepper: Plants are severely stunted and become chlorotic with 
the leaves cupped, crinkled and twisted. 

Cabbage; Plants are chlorotic and stunted, and do not attain 
enough growth to produce heads. 

Carrots:. Growth is severely checked. Plants are highly stunt¬ 
ed with very small roots. 

Citrus: First signs usually develop with the flush of new 
growth. The leaves frequently become abnormally large and dark- 
green,_ while new branches make angular or distorted growth and 
■sometimes develop an S-shaped curvature. The bark of the termi¬ 
nal branches becomes stained with a dark-brown, gum-like material 
and the shoots usually turn yellow and die. Blister-like gum pockets 
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between the wood and the bark and multiple bud fonnation _are 
also characteristic of the disease. In some instances the multiple 
buds develop into branches giving a bushy rosette-like growth. 
The fruit is affected, the skin being marked vvith irregular gurn- 
soaked areas which cause hardening and cracking. The affected 
fniit frequently splits and drops. When the disease is severe, die- 
hack of the tree may be so extensive that little fmit is left. 

The symptoms differ somewhat between different root-stocks 
(Hambidge, 1949). 

Apple: Growth is retarded with marked rosetting and dieback 
of leading branches. 

Prunus spp.: Growth is restricted, and the trees are .small and 
under-developed. Vigorous .spring growth is produced, but after a 
time the fenninal buds wither and fall out and the terminal leaves 
turn yellowish. Later growth, if formed, dies back. Eruption in 
bark and swollen multiple buds occur. 

Pears: Tips and apical leaves become badly scorched resulting 
in dieback. There is no rosetting. Affected trees bear practically 
no fruit. 

Plums, peaches and apricots: The symptoms are yellowing of 
leaves, the areas between the veins being very pale to bright yellow. 
In extreme cases smaller veins also turn yellow. Serious rosetting 
with a resultant ce,ssation of terminal growth, fonnation of multiple 
buds and eventual dieback of the branches from the tips. 

Soil conditions and availability of copper. The total 
amount of copper in agricultural soils varies from 1-50 ppm, 
but lower ranges may be found in weathered, leached and acid 
soils. The total amount of copper present in a particular soil is 
no indication of the amount available to the plant in that soil. 
Three forms of copper can be distinguished, namely, (a) water- 
soluble, (b) absorbed, and (c) fixed. Mitchell et .al (1957) 
found some correlation between the copper content of clover and 
total soil copper, acetic acid-soluble copper and EDTA-extractablo 
copper, but_ they considered only the latter to be satisfactory for 
the diagnosis of copper-deficient soils. 

A decrease in acidity generally reduces the availability of 
copper. There are, however, reports that in soils with high organic 
matter content, the copper content of the plant tissues was in¬ 
dependent^ of soil^ pH and varied according to the copper content 
of the soil. It is perhaps due to this reason that many highly 
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organic soils can be made productive only aftei. large additions of 
copper. Copper deficiency is relatively more common in gravelly 
or sandy soils than in those with a higher content of clay. It 
appears that a major part _ of the exchangeable copper occurs in 
the clay fraction and not in the organic matter, 

Control nicaaiires for popper deficiency. Copper sulphate 
is commonly used for the correction of deficiency of copper. _ The 
doses of soil application vary according to the crop and seventy of 
the deficiency. Hic tiuic of application hfls often been found to 
influence the utility of copper dressing. Spraying of copper sul- 
'phate has also been found to prove beneficial, Available reports 
on copper toxicity show that it occurred due to injudicious applica¬ 
tion of copper to soil or as spray and great caution .should, there¬ 
fore, he exercised in its application for amending the deficiency. 

Response to copper under Indian conditions. Copper 
deficiency adversely affects grain setting and, as such, one may 
find normal vegetative growth without any deficiency symptoms. 
.In such cases the yield is depressed,_ On the other hand applica¬ 
tion of copper sulphate has resulted in increased yield. 

In 1964, Randhawa and Kaiiwar reported tliat Punjab soil§ 
contained' high reserves of copper. Agrawal and Motiramani in 
1966 studied the copjier content of Madhya Pradesh soils and 
observed that 1 ppm is the critical level for available copper and 
it formed 8 to 10 per cent of total copper. 

In 1952, Joshi and Joshi obtained 35-80 per cent increase 
in the yield of paddy by application of copper sulphate to soil at 
the rate of 1.12 l£g|ha in several places in Konltan and in Maha¬ 
rashtra. Abichandani in 1955 did not, however, find any benefi¬ 
cial effect of copper sulphate application on paddy at Cuttack. 
Kanwar et al. in 1958-62 and Bhumbla et d. in 196,8-65 observed 
significant increases in yield of rice by foliar application of copper 
sulphate in one experiment out of seven in calcareous .soils, but 
little increase in neutral and non-calcareous soils. _ With acid .soils 
the response to soil application was, however, significant, Sadaphal 
and Das in 1956 obtained about 15 per cent increase in yield of 
wheat, at Delhi, by soil application of 5.6 kg|ha of copper or 
spray application of 1.12 l{g|ha of copper. Mathur et al in 1959 
did not, however, find any significant beneficial effect of_11.2 kg|ha 
copper sulpliate on wheat In Rajasthan. Kanwar et al in 1958-62 
and Bktmbla et al in 1963-65 observed significant increases in 
yield of wheat in 1 out of 14 experiments; in calcareous soils by 
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foliar application of copper sulphate. In 1964, Koraddi and Seth 
reported that soil application of copper (5.08 kg|ba) increased the 
yield of wheat grain by 16.9 per cent and foliar application of 
copper (1.27 ]tg|ha) by .12.7 per cent over that from the NPKr 
ti'eated^ controls. D'astur and Kanwar Singh in 1953 reported a 
beneficial effect on cotton in the black cotton soils _at Indore. 
Kamalkantan ei al in 1966 observed that soil application of cop¬ 
per increased the yield of cotton, Jogi and Ahuja in 1965 observed 
increased yield of hybrid maize with application of copper in com¬ 
bination with NPK, In Rajasthan, Pareek and Jain in ^1966 also 
observed increased yield of maize grain over NPK by soil applica- 
of copper (5.6, 11.2 and 22.5 kg|ha). In Maharashtra, Joshi 
in 1956b got significant increases in yield of jowar by application of 
copper. Ill Rajasthan, Mathur et al in 1959 obtained increase in 
the yield of barely 239, 156, 287 kgjha over the control by soil 
application of 5.6, 11,2 and 22.4 kgjha of copper sulphate respect!- 
‘I’ Shrivastava reported that treating seeds 

with 0.03 per cent copper sulphate solution increased the yield of 
gram^and straw of barley. Raheja et al in 1959 observed a signifi¬ 
cant increase in yield (91.4 per cent) of gram by treatment with 
combination with zinc and manganese at Vijayapur 
(Mahsana), In Rajasthan, Mathur et al in 1959 got slight in¬ 
creases m yield of gram by 21.2, 82,9, 147.8, kgjha over control by 
soil application of (5.6, 11,2 and 22.4 kgjha) of copper sulphate 
respectively, In 1965, Radha noted, a reduction in leaf-rot and 
increase in yield of coconut by spraying copper sulphate for four 
times on the palms, = ■ 


Visual symptoms due to iron deficiency oh .some important 
crops are given below: 

Cereals', Plants are rather resistant. Young plants are marked¬ 
ly chlorotic. The tops of the plants and leaf tips die. 

Gram sorghums'. Plants slightly affected have green leaves 
with yellow stripes; severely affected plants have leaves entirely 
yellow with white margins and tips. 

Tometo: Leaves near tips of plants show chlorotic mottling, 
the chlorosis being most pronounced near the midrib and towards 
e oases of the leaflets. Little necrosis or diving of leaf tissues 
may occur. 
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Potato: Plants groxvn in water cnlture show slight chlorosis^of 
young leaves rather regularly spread _ over the leaf-blade. The 
point,s and raaEgiiis of leaflets keep their green colour longest. Dis¬ 
coloured tissues become clear pale-yellow and in extreme cases al¬ 
most pure white, Chlorotic tissue i.s curved in an upward direction. 
Leaves developed before appearance of .symptoms remain normal 
green. These symptoms have not been reported .so f;ir from fields, 
where the plants are quite resistant, 

Brassica crops: Chlorotic ‘marbling’ of leave.s, and occasion¬ 
ally leaves are completely bleached. , 

Apples, pears, plums and cherries: Interveinal chlorosis with 
darker green veins in the younger leave,s at the tips of shoots. In 
severe example.s shoot tip,s die and the dicback may extend down¬ 
ward into the larger branches. 

Citrus: In mild cases the leaf veins are moix; dark-green than 
interveinal areas. In more advanced stages the interveinal areas 
are yellow and eventually the entire leaf iruiy become ivory 
coloured. In severe cases trees become partially defoliated, causing 
dicback, The fruit fails to develop colour properly, production is 
reduced and in many cases the trees die. In grape fruit, vines arc 
small and very fragile and show a brown impregnation when older. 
Under acute, deficiency the fruit is small, hard, coarse, light in 
colour and somewhat mis-shapen, especially in lemons. 

Influence of soil conditions on the availaliilUy of iron. 
Iron deficiency has been reported from acid (e.g,, Florida) as well 
as alkaline soils but it is more common in the latter. It has been 
suggested that chloro.sis in acid soils may he caused by a higher 
concentration of heavy metals relative to that of iron. The most 
widespread incidence of iron defxciency in plants, namely, lime- 
induced chlorosis, occurs in alkaline-calcareous soils, How this 
chlorosis 1,5 actually caused is still a matter of controversy; presence 
of bicarbonate and manganese, high application of phosphatic ferti¬ 
lizers, and poor drainage are supposed to be the factors involved. 

Measures for correcting iron deficiency. For a long time 
the iron deficiency has been the most difficult of all nutritional 
disorders to correct; soil treatment has usually proved ineffective 
and spraying of iron sulphate or iron chloride has not* given 
uniform results. Injection of iron salts into stems has proved 
effective in .some cases. In recent years iron-chelates have been 
found to be more effective. These can be used for soil application 
and also as sprays. Caution must be exercised in choosing the 
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dosage, as excess of it may cause severe burning. Proper doses for 
different soils are still to be worked out. In ^soll application 
chelate.? should be thoroughly watered into the soil and then nor- 
mal irrigation procedure should be followed. Evergreen plaats 
can be treated ^successfully at any time of the year, but application 
during the active growing season would give better results. For 
deciduous plants the treatment should be given during the early 
part of the growing season. 

Iroii-EDTA is considered more useful for acid soils, and 
iron-EDTA-OH, iron-DTPA and iron-HEEDTA for alkaline and 
high lime soils, 

BORON 

The symptoms caused by boron deficiency on important .rops 
are described here. 

Citrus: Affected plants show downward curling of leaves, 
corky and spirited midrib,s, multiple bud fonnation, spliting of bark, 
oozing of gum, dicback of apical growing point, reduced flowering 
and decay of roots, 

Cauliflower: Floml head shows rust-brown discolouration, and 
the leaves are discoloured with yellow and red margins. Water 
discnlourations later passing over into necrosis occur on the mid¬ 
ribs, particularly of the young leaves. 

Cabbage: The symptoms are dwarfing and dhstortioxi of 
leaves with concentric' water-soaked areas, surface browning, bad 
navour and interveinal breakdown in pith. 

Lucerne: The foliage has a faded brown or greyish-yellow 
discolouration beginning from the top and the margins of the 
leaflets. The veins remain green for longer period than the rest 
of the lamina. The yellow discolouration is frequently followed by 
anihocyan-red discolourations of the leaf margins, particularly the 
denticulations. The top leaflets are rounder and wider. The 
plants -remain small and thick-set. 

Potfffo: The growing point dies off and the foliage becomes 
truck and brittle. The leaf margins curl upwards and the plant 
nas a squat appearance. The leaf stalks break off easily, especially 
m the. older leaves, The tubers usually have a rough and cracked 
surlace, and are smaller than usual, The tuber developes a local 
Or universal broim discolouration of the vascular ring, which is 
generally greatest at the navel end of the tubers. In severely 
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allected tubers the part .inside the ring of vascular bundles often 
has a glossy appearance. 

Tomato \ The plant assumes bushy appearance with a blacken¬ 
ed appearance at the growing point. The seedling and the true 
leaves turn to a distinctly purple colour. The sterns beconu! 
stunted and the terminal shoot curls inwards, yellows and dies. 
Stems and petiole.s become brittle; the roots show extrfunely poor 
growth and become yellow or brown in colour, The fruit is fre¬ 
quently covered with darkened und dried areas. 

Radish', Leaves turn light bluish-green and the petiohes are 
brittle and curled clown; roots remain light in colour, round, 
elongated and severely cracked. Apical buds and phloem develop 
necrosis. 

Tobacco', Plants develop ‘top-sickness’, light grcmi colour 
of the. bud leaves, distortion of foliage during expansion, twisted 
top growth and clieback of terminal buds. Growth remains stunted 
and flowering is inhibited. Injury is more pronounced in vigorous¬ 
ly growing plants. 

Pea: Short, thick roots with enlarged apices and suppressed 
growth of secondary roots are the symptoms in this plant, 

Broad bean: Slioot apex withers and internal tis,sue disorgani- 
ze.s, particularly in roots.: 

Maize: Gldorosis of tissue between veins of old leave.s. translu¬ 
cent stripes in the longitudinal direction of the leaves, failure of 
young leaves to unroll, subnormal development of lamina, disturb¬ 
ed meristeraatic growth, partial sterility and poor cob-formation 
are the symptoms. Root tips become swollen .'uid stunted followed 
by internal breakdown and disorganization. 

Wheat: Tillering is abnormal with no cars, or cans are badly 
damaged or fire sterile. 

Barky: Ear-fonnation is checked. 

Sugarcane: There is depression in growth and dislortlon and 
chlorosis of leaves. Definite stem and leaf lesions are formed. 

Cotton: Necrosis of the apex of .sterns, roots, deformation of 
young leaves and stripping of leaf stalks take place. Deficiency 
may increase vegetative development expressed in dry weight of the 
total dry matter. 

Grape: Early symptoms are diffuse yellowing or chlorosis of 
the younger leaves, brownish water-soaked areas developing in the 
apical tendrils and cupping of the third or fourth leaf from the 
shoot tip. The exact order of appearance of these symptoms varies 

182 


witli the variety. Apical iiiteriK.idns arc .shorleued and fill iiarls 
exhibit iibiiorinal rigidity and brittleness, Young leaves fire mi.s- 
shapen and niftlfnrmcd. 

Apple: Deiith of new .shoot is followed by iippe;iraiii;e of .side 
i-hootH which too die later on. Well-defined brown spots appear 
on the bark which were originally green; when close to the surface 
the ]xitche.s look like ckirk glo.ssy spot,s. Afterward,s the patches 
k'ccini! brown and dry to ;i sponge-tough consistency. Miilfonna- 
lion and .splits in the fruit occur. 

Peach: Twigs dieback from their tip .9 hut tend to devtdoii new 
shoots in abnormal number behind the injured terminals. Young 
and immutuni haives fail lo attain normal .size imt become thick, 
wrinkled and othenvise inis-.slwiien and brittle}. 

Plum: Brown, .sunken am;i,s in the flesh of the fruit, ehlorosia 
and twisting of young Icavv.s, necrotic .spots on older leaves, and 
.short and Htlle iiiPa-nodes are the symptoms, 

Pear: The planta show corking of fruits ami formation of pit¬ 
ted branches giving a lyjiical meiisle -type appenrance, 

Flax: Root dcvcloiimeiit is poor, death of leave,s ami decay of 
shoot apices take place, 

Sweet potato: Internodos becorao .shortened and terminal 
growth i.s restricted. Petii!lt',s are curved and tenninals slimted and' 
di.stortecL Moderatnly affecti.nl tubens are mia-shapen and the skin 
becomes thick and leathery. Other malfonnations am dumb-bell- 
shaped, loiisided and spindlt!-.sliaped tubers. Severely affected tubers 
have cankers covered with hardened dark exudate, Internal areas 
fire neerotic throughout the,lie,shy part of the tulier but more .so 
in tlw; cambial zone netir the periphery. 

Onion: Plants are .stunted and distorted in appearance. Leaf 
colour varies from dark grey-green to deep blue-green; the y()unge.st 
leaves develop conspicuoiu! yellow arid green moitllng and shrunken 
area,s, followed by ladder-like transverse cracks on the upper .side of 
basal leave.s. Leaves arc .stiff and brittle. 

Oil palms: Characteristic ‘hook-leaf distortion of tim foliage 
appears leading in .severa casc.s to reduction in size of loaves. 

Tissue analysis, The boron ccmtmit of different iilant 
.species has been found to vary from a minimum of 0.2-2.00 irpm. 
A survey of the available records reveals that deficiency levels are 
of the order of 0,2-5 ppm, though some plants may show values 
hiper than o ppm mid still manifest the deficiency sviiiptoiiw, Tha 
sufficiency level probably varks from 1-10 iipm, Bbron toxicity is 
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manifested in species having concentrations varying from 40-200 
ppm or above. 

Soil conditions influencing availiiliility of boron. Of the 
three categorie.s of boron, namely, total boron, acid-soluble boron, 
and water-soluble boron, it is the last that exhibits the highest cor¬ 
relation with the incidence of disease. Boron is Ica.st deficient in 
the upper 7 cm of the soil and the rate of movement depends 
largely on soil texture; boron moves to a depth of 60 cm in light- 
textured soils and approximately to 30 cm in heavy .soils. 

Deficiency effects differ with soil type. Old, leached, peaty 
soils or those derived from igneou.s rocks are deficient in boron. 
The medium-textured sandy soils have a lower optimum range of 
boron than clay. 

The soil reaction also governs the availability of boron. 
Deficiency symptoms occur at pH 7 and become more severe at 
higher pH. Between pli 4,1 and 11.5 boron is hardly fixed by soil; 
uptake of this element by plants is also not altered over a wide range 
of soil pH. However, in alkaline .soils, its availability is influenced 
largely by pH. In acid soils boron in mineral form is leached out, 
while the organic form of boron may become fixed in a stable and 
unavailable form if lime is applied. 

Interrelated with the influence of pH is the effect of organic 
matter. It has been .shown that available boron decreased with 
increasing acidity, probably due to the fact that organic matter also 
decreased with increasing acidity. The effect of organic matter on 
these .soils is to keep boron in a more available form, The final 
effect of organic matter on the availability of boron is, however, not 
as great as that of pH; this is particularly true where the pH 
is above 7, 

Another factor that contributes to the availability of boron in 
some soils is that of leaching. It is observed that 63,94 per cent of 
boron may be leached out, depending on the soil texture, Further, 
it has also been seen that leaching is a relatively more important 
factor in acid soils than in alkaline soil.s. 

Cultural practices and boron availalulity. Liming the soil 
leads to an increase in the boron deficiency. Whether this is due 
to a change in the availability of boron in the soil or whether 
changes occur in the plant is a disputable problem, although both 
may be operating simultaneously. 

Liming js not the only factor influencing boron deficiency. A 
potash dressing may favour the occurrence of boron deficiency. 
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In farming practice dry weather is found to favour the occur¬ 
rence of boron deficiency. ^Whether this i.s due to fixation of boron 
in the soil or due to the plant’s inability to absorb the nutrient with¬ 
out moisture is controversial. 

Control of boron deficiency. Boron deticiency has been 
remedied generally by soil application and the salt which has Ireen 
usually found beneficial is borax, though boric acid ha.s also been 
used by a few worker,s. Other method.s of overcoming boron mal¬ 
nutrition include spraying the plants and prc-.soaking of the seeds 
to be sown, 

The boron toxicity is not an outstanding problem as, wherever 
experienced, it has been successfully overeorau by liming the soils. 


Crop 

Date 

Mode of application 

Beet 

Borax 

25-30 kg|ha 

4 g| in- 

Soil application 

Cauliflower 

5 » 

Potato 

5 kglha at pH 6, 10 kg 



at pFI 6.0-6.5, 15 kg at 


pH 6.5-7,0, 20 kg on 
calcareous soils 

79 M 

Peanuts 

5,6 kg|ha 

J} V 

Lucerne 

400 kg|ha 

•) )S ■ 

Plum 

0,22 kg|tree 


Apple 

16-45 kg tree 

In a ring around the tree 

Pears 

1.3|27|450 1itre.s of water 

Autumn spray of plants 

Anjou pears 

52-416 ppm of water 

Foliar spray 

Cotton 

5.6-11.2 kg|ha 

Soil application 

Vines 

100 kg|ha 



0.5 per cent ; 

Foliar spray 


Boric acid 


Citrus 

1 gjm2 

Soil application 

Potato 

200 kgiha of lime 


ammonium nitrate 



containing 2.5 per 



cent boric acid 

SJ )) 
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The closes of borax applied for correction of boron deficiency 
vary for the different species. These are given at page 185. 

Kesponse to boron under Indian conditions. In 1953, 
Dastur and Kanwar Singh obtained an increase in the yield of seed 
cotton in the black cotton soil at Indore by application of borax at 
the rate of IE kg|ha. Kanwar ej d. in 1958-62 anc^ Bhumbla. et al. 
in 1963-65 obtained a significant increase in yield of rice m one 
out of seven experiments in calcareous soil,s by foliar application of 
boron, but not in neutral and non-calcareous and acid soils; the 
yield of wheat was increased in 1 out of 15 experiments in calcareous 
soils and in 3 out of 6 in acid soils. Mathur at d. in 1959 observed 
non-significant increases in yield of barley and wheat by soil appli¬ 
cation of 5.6, 11.2 and 22.4 kg|lia boron to sandy .soils of Rajasthan. 
Joshi in 195’6a observed that response of wheat to boron increased 
when it was applied in combination with organic matter. The res¬ 
ponse of wheat crop to application of boron has, however, varied 
in different areas. In 1956, Jo,shi obtained an increase yield 
by the application of boron, whereas no response was obtained at 
Niphad (Maharashtra) and at Durgapur (Rajasthan) in the agrono¬ 
mic trials with fertilizers. It is interesting to note that at the Indian 
Agricultural Research Institute, application of borax at the rate of 
lU kglha increinsed the yield by 336iha (average of four seasons). 
As the cost of borax is Rs 1.65 kg, the application is economical 
(Malkani and Asana, unpubli.shed). Beneficial effect of application 
of boron to sugarcane was reported by Lai and Srivastava in 1948, 
Mohan Rao ct al. in 1956 and De and Singh in 1960. Tillering and 
juice quality in sugaracane have also been reported to improve as a 
result of boron sprays. Application of boroi; to .soil in furrows 
before planting and also foliar application were rejiortcd to increase 
the yield of sugarcane. Singh in 1963 obtained a sipificaiit increase 
in yield and better seed-set in Brm$ica species by foliar application of 
500 ppm boron. Ghosh et al, in 1964 obtained a 20.9 per cent 
increase in yield of potatoe.s by application of boron at 5.6 kg|ha 
in the Middle Block fields but no response was noted in the Main 
Block fields at the Indian Agricultural Research Institute, New 
Delhi. In 1963, Jain and Mehta observed that application 
of 5.6 and 11.2 kg|ha of boron depres.sed the yield of gram by 12.0 
and 53.4 kgjha respectively, in sandy .soils in Rajasthan. Mandal 
ct al. in 1956 got 100 per cent increase in yield of maize by the 
application of borax at the rate of 22.5 kg|ha us compared with 
sandy loam soils of Islampur in Bihar State. Pareek and Jain in 
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1965 observed a slight increase in the yield of maize by soil appli¬ 
cation of 5.6, 11.2, 22.5 kgjha of boron. Gandhi and Mehta in 
1958, and Tamboli and Dube in 1964 did not observe any benefi¬ 
cial effect on the yield of berseem. Datta and Gurubasava Raj in 
1955 found at Delhi that application of 5.6 kgjha of borax signifi- 
^ cantly increased the yield of berseem from 821 qjha (in control) to 
900 qjha, besides, the number as well as the weight of the nodules 
increased. Further work conducted at the I.A.R.I, New Delhi, has 
shown that application of 5.6 kgjha of boron increased the yield of 
green fodder benseem by 1120 kgjha (over 943 kg of control), and 
of .seed by j 3.6 kgjha (over 246 kgjha of control). Application of 
boron to the soil was more effective than as foliar spray. 

From the observations reported above, it appears that apiili- 
cation of boron to the soil has proved beneficial in a large number 
of cases. Great caution must be exercised in its use. as the range 
i between the optimum and the toxic levels of boron in soil is very 

j. narrow and repeated application may make the soil to.'dc. 

MOLYBDENUM 

The deficiency symptoms in different plants are described 
below; 

I _ Oat.v (Avena saliva): Erect plants with pale-green leaves. Slight 
interveinal chlorosis accompanied by grey interveinal lesions which 
later become brown, or orange-red flecks with leaf tip scorching. 
Growth and grain formation decreased. 

I • Wheat (Triticum tiestivum): Chlorosis. Many glumes empty. 

I Ripening delayed and .shrivelled kernels. 

I ^ Bflre/y (Hordeum vulgare); Growth is drooping and .stems are 
j limp. ^ Foliage is dull pale-green. Leaf tip.s and margins develop 

I grey interveinal _ necrotic areas and scorch rapidly. Middle-aged 

i leaves most sensitive. Leaf tip, scorch extends irrf;giilarly, leaving 

j. isolated areas of initially unaffected tissue. Youngest leaves remain 

I rolled and chlorotic with a constriction near the apex. Stera.s 

( collapse after death of younger leaves before emergence. Flowering 

I and grain formation are suppressed. 

.[ Maize (Zea map); Plants stunted; older leaves with a blighted 

i appearance or ‘ white ’ scorched condition.. General yellowing of 

I plants. 

I Tomato (Lycopersicon esculentum): Cotyledons remain green 

for several weeks. Older leaves are pale with, diffuse marginal and 
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interveinal bright yellow mottling. Leaf margins curl upwards and 
leaflets appear rolled. Pale-brown scorching begins at the tip of 
the apical leaflet of the oldest leaf and spreads inward. The distal 
lateral leaflets are next involved until the whole leaf _is totally 
withfired, Lctivcs avc aEfccted in successionj tind the npicul letinet 
scorch appears when the first or second lateral leaflets of the next 
older leaf are partly withered. Flowering and fruiting .suppressed. 
Plants eventually die, 

Potato (Solarium tuberosum): Severity of symptoms dependent 
on tuber reserves of Mo. Symptoms usually a-ppour in second cycle 
(plants raised from tubers of previous deficiency, treatment). Partly 
or newly expanded leaves turn pale and show golden-yellow chloro,5is 
with occa.sional dull white mottling. Chlorotic areas irregular and 
diffuse but leaf margins often dark-green. Leaf inargiiis curl up¬ 
ward,s with irregular necrosis followed by general withering. Young 
leaflets and flowers turn brown and wither before opening, followed 
by the death of stem’s growing point. The symptoms recur m lateral 
branche.s. 

In the third deficiency cycle plants are initially pale-green. 
Apical leaflets of the lower leaves appear larger than those on normal 
plants and show marked marginal cupping, pale_ yellow-green 
interveinal chlorosis and marginal yellowing. Margins and inter¬ 
veinal area.s develop brown scorch, successive leaves wither and fall. 
Some leaves show purple,,spots around leaflet margins. 

Tobacco (Nicotiana tabacum): First symptoms are crinkling 
and, mottling of raid-stem leaves. These curl or get twisted and 
develop small, necrotic interveinal areas, which coalesce. Leaves 
witlier from margins and become bleached. Symptoms spread to 
young( 3 r and older leaves. Stem height decreas(.;,s and flowering is 
delayed, 

Spinach (Spinacea oleracea var, crassa): Chlorosis and severe 
necrosis of successive leaves followed by death of plants. Mulder 
(1954) reported pale-yellow leaves, marginal cupping and necrosis.^ 

Cauliflower (Brassica oleracea var. botrytis): In young plants 
leaves are cupped and show chlorotic mottling. Tips develop dead 
patches. Cotyledons remain dark-green. Marginal limpness, wilting 
and scorching of leaves occur followed by leaf withering, occasionally 
preceded by wilting of petioles. Later on there is restricted deve¬ 
lopment of leaf laminae, leaving only bare midribs, producing 
characteristic ‘whiptail’ condition. Growing point eventually dies 
(see also Hewitt, 1956), 
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Savoy cabbage (Brassica oleracea var, bullata-subauda): Pro¬ 
nounced leaf-cupping and membranous water-soaked rnargin.H, Veins 
may be purjile tinted and the general colour is olive-green. Leaf 
angles are wide, no ‘ hearting and lateral buds grow out, When 
secondary symptom.^ occur, young leaves become brown, necrotic and 
malformed on expansion at the margins. Rudimentary leaves turn 
brown and shrivel, and death of growing point follows brown 
exudation. 

CucurbiLs'. Stunted plants, yellowi.sh-green leaves; later upcuiicd 
leaf margins die off. Chlorosis and cupping in a narrow band along 
the margin. 

_Flax (Linum usitatissimum): Old leaves fade and wither. 
Young leaves are yellow-gkcen and later brown at the tip. Flower¬ 
ing is decreased and pedicels wilt about 3 cm beliincl the flower 
bud. 

Carrot (Daucus carota): Older foliage pale yellow-,green. Leaf 
segments scorch at tip.?. Leave.s wither and collapse. 

Roselle (Hibiscus sabdariffa): Collapse of massive central por¬ 
tion of flower, 

i?«dw/t(Raphanus sativus): Plants pale-green witli bright yellow 
interveinal mottling of the older leaves. Cotyledons are large and 
remain green for five to .six weeks. Leaf niargin.s markedly cupped. 
Fluid exudes on the leaf .surface and water-.9oaked areas appear. 
Margins wilt, inroll and wither. Leaves wither completely except 
for petioles. Symptoms progress from oldest to younge.st leaves until 
plants die. Flow'ers dirt before opening. 

Lucerne or alfalfa (Medicago sativa): Foliage dull palo-grcen. 
Leaf margins appear grey, limp and curled. InteiVemal leaf tip 
necro,sis is followed by rapid bleaching.to white .scorch, Lf!ave,s 
wither completely and petioles collapse. Symptoms develop mainly 
in ‘mid-stem’ or in younger leave.s. Mulder (1954) found more 
numerous, slender, yellow nodules instead of larger red onas. 

_ Red clover and alsike (Trifolitim praten.se and T, hybridum): 
Foliage pale or dull grey-green. Margins of older ]eavo.s fade, curl 
inward, become limp and develop red-brown or pale-brown scorch 
withdnterveinal necrosis. Petioles wilt and leaflets wither. Waring- 
ton (1950) observed a blue tint prior to .scorching in red clover. 

Citrus: ‘Yellow spot’ disease. Symptoms first appear in early 
spring as water-soaked areas in leaves. The,sc area.^ develop in 
summer in large interveinal yellow spots with green colour on the 
lower surface. 
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Grape jruk'. ‘Ydlow spot’ clisraso. AfFeded areas of leaf 
become lirown and gummy, and (iventiially die. Trees usually shed 
their leaves and irroduco little fruit, 

Pea (Pisum sutivmn): Plants grown from seed raised through 
two generations of Mo dfdiiuRiiey are dwarfed and pale in 1.5 days. 
Old "leave,s wilt suddenly, curl up, .scorch at margin,s and finally 
wither completely. Plant,s wither or may produce a weak basal 
shoot. Flowering i.s totally .suppressed. 

Dwarf French bean (Pha.seoIus vulgaris): Plants have large 
pale-green leaves that become mottled interveinally, and rapidly 
develop large irregular intcrveinal pale-brown .scorched areas. Leaf 
margins wilt and leaves wither and fall Prophylls are chlorotic, 
Ijccome .scorched or necrotic and wither. Flowering is .suppressed. 

Climhinn French or runner bean (Phusiioliis multillorus or 
coccinciis): Leaves tend to be .small, uniformly pale yellow-green 
or y(dl()w and finally lileacheci with scorched upcurlecl margins. 
Oldest leaves are affected fir,st and wither before falling. Stem 
elongation and llower and .seed production suppressed. Plants 
wither. 

Broad bean (Vicia faba): Lower leaves pale, margins and 
iiiterveinal areas become grey and wilted or collai).sed. Dark-brown 
or black scorching rapidly follows, while blackening appears in 
younger lcuve,s. Stems become almo.st totally defoliated. Flower¬ 
ing !Uid seed production are almost completely suppre.ssed. 

Lemon (Citrus lirnonia); Leave.s rough in texture, possibly 
due to enlarged oil glands. Diffuse rnuncled or oval mottled 
areas especially in the marginal and apical region.s. These be¬ 
come necrotic and dry out to an irregular pale-brown marginal 
or intcrveinal scorch. Margins' curled upward to produce .in up¬ 
ward pointed outline. Leaves fall prematurely, and axillary bran¬ 
ches lire numerous. 

Rubber (Hevea sp.): Seedling,? reduced in height and girth. 
Marginal or tip .scorch appears in mid-stem and upper laminae. 

Concord grapes: Chlorosis of terminal leaves followed by 
necrosis in the basal leaves. 

Apples: In seedlings of variety ‘Rome Beauty’ uniform chloro- 
.sis i,s observed. Scorching of tip.s and margins of older leaves 
with eventual down-cupping and a general recluetion of vigour 
and growth. 

Soil coiHlilioms related to availability of molybdenum. 
Molybdenum is widely distributed in soils in low amounts and 
occurs in the .soil in: (a) unavailable form (held within the 
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crystal lattice of primary and secondary minerals): (b) condition¬ 
ally available form (a,s MoO^ anion in clay minerals and available 
to a greater or le.sser degree dtipending on pH and probably pho,s- 
phale .statu.s); (t) inorganic matter (likely to be in a continual 
state of circulation through mineral breakdown); and (d) water- 
.soluble form but in very low quantitits and may ap,sura(: import¬ 
ance only under alkaline conditions, 

The availability of .soil molybdenum to pkints depends upon 
soil pH, aeration and level of pho.sphorii.s, manganese and other 
elements, Molybdenum uptake by plant.? has often been reported 
to be favoured by an alkaline .soil reaction as compared to an 
acidic one. Miolybdenura deficiency is often a,ssociated with acid 
.soils becau.se it bncome.s le,ss soluble as pH falls, Well-limed or 
naturally neutral soils may also produce molyl,ideniim-deiii:ient crops 
due to depletion of available molybdenum by i,;ro])ping or leach- 
ing. 

_ There is evidence to .show that jihosphoriis and poliis.sium 
deficiencies restrict the re.spon.s(; to molybdenum, while heavy appli¬ 
cations of manganc.s(; .sulphate or ammonium sulphate may bring 
about molybdenum deficiency in the pl'ints. The availability of 
molybdenum is also allocted adversely by the presence of high 
amounts of iron in a soil. 

Heavy cropping might be expected to induce molybdenum 
deficiency, especially in nodulated legume,s, by lowering the level 
of molybdenum and nitrogen. It i,s perhaps due to this reu.son 
that the greate.st response to molybdenum occurred where heavy 
cropping had been practised and also where the land had been 
eroded to the sub-,soil, 

_ Plant species also differ widely in their capaliility of quantita¬ 
tive uptake of molybdermm from the soil; leginiie,s and crucifers, 
for instance, have a high molybdenum content as compared to 
plants of other families. 

Molybdenum toxicity usually occurs in alkaline soils, some 
orgiinic soils' unci *sonic * young ’ soils but a nions critical study 
of factors affecting mplybdemmi uptake i.s e,s.sential, Most of the 
iiistances reported are of accumulation of molybdcniun in forage 
plants m concentrations toxic to animals. Application of lime to 
soils high in molybdenum content may also induce molybdenum 
toxicity, Not^mucli work has been done for the control of moly- 
bdemim toxicity, but lowering soil pH, application of ainrnouium 

b f I reported to 


191 




micronutrients 


HANDBOOK OF MANURES AND FERTILIZERS 


Measures for correcting molybdenum deficiency. Sodium 
molybdate, ammonium molybdate, or the less soluble molybdenum 
tri-oxide are the suitable forms and , appear to be needed at about 
the same level of application. Recently the Climax Molybdenum 
Go. New York, have developed a preparation, ‘ Moly-Gro which 
is suitable for seed treatment and is claimed to suffice for the 
needs of the whole plant, It has also been reported that for oats 
and peas molybdenum glass and frits are more effective than solu¬ 
ble salts. The use of complex forms of molybdenum has been 
suggested for more acidic conditions, where molybdenum is likely 
to be fixed easily. 

Both soil and spray applications of molybdenum have been 
used. Molybdenum salt, at the rate of 0.14 kg of molybdenum 
per hectare, has generally proved effective. Higher levels (up to 
4.48 kg|ha of sodium molybdate) have been reported to be needed 
for cauliflower, alfalfa, lettuce, beet and rye. For soil appliation 
the molybdenum salt is usually mixed with other fertilizers, parti¬ 
cularly superphosphate. Sometimes molybdenum application be¬ 
comes effective after liming. 

The amount of molybdenum required for spray application is 
usually smaller, but the levels required for different crops have 
not been critically determined, Among the levels that have been 
used are 57 g of sodium molybdate per hectare or 7 g of ammonium 
molybdate in 14 litre.? of water for spraying on peas, 250 g of 
sodium molybdate per hectare on beet and rye, and 0,07-0.84 kg|ha 
on cauliflower. 

A single dressing of 0.14 kgjha has been found to remain 
effective for several years. In some soils and for some crops, such 
as cauliflowers and cabbage, heavier dressing may be required more 
frequently. 

Liming increases the availability of molybdenum but it is 
usually effective in acid soils and molybdenum application usually 
proved easier and cheaper, Sufficient aeration, loose and friable 
soil, good rotation, fallowing and keeping the pH between 5,5 and 
7.5 may overcome deficiency of molybdenum. 

Response to molybdenum under Indian conditions: 
In 1964, Reddy analysed several soils of Gujarat State for total 
and available molybdenum and observed that it varied from 0,5 to 
4,1 and from 0.12 to 0.20 ppm respectively. He noted an inverse 
relationship between copper and molybdenum accumulation in 
different crop plants. In Uttar Pradesh, Singh and Singh in 1966, 
analysing the alkaline soils and the soils adjacent to those, ob- 
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served a negative relationship between available molybdenum and 
pl-l as well as total phosphorus in alkaline soils but not in those 
adjacent to them, whereas the total molybdenum and sesquioxide 
, showed a negative correlation in both the soils. Joshi in 1956a and 
Pandya et al. in 1955 found no beneficial effect of molybdenum 
on kjra {hnnisetum typhoides). In 1955, Datta and Gurubasava 
Raj found, at the Indian Agricultural Research Institute, New 
Delhi, that application of 1.12 kg of molybdic acid increased the 
yield of berseem from 821 q|ha (in control) to 932 q|ha. Accord¬ 
ing to them the succeeding crop of maize in the molybdenum- 
treated plots also benefited. Further work at the lARI indicated 
that application of 1.12 kg molybdenum per ha (to soil) along 
with 89,6 kg Pj,Og per ha increased the yield of green fodder by 
37.3 q|ha (over 7,389|ha control) and seed by 56 kgjha, 180 kgjha 
(of control). Soil application was more effective than foliar spray, 
Tamboli and Dube in 1954 and Mehrotra and Gangwar in 1964 
observed significant increase in yield of berseem, whereas such 
effect was not noted by Kanwar in 1962a and Vithal Rao and 
Venkatraju in 1964. Kanwar in 1964 and Kanwar and Joshi in 
1964 obtained a significant effect on the yield of rice by soil appli- 
cation of molybdenum to Palampur soils of Himachal Pradesh. 
Kanwar et al. m 195R-62 and Bhumbla et at. in 1963-65 observed 
.significant increases m the yield of wheat in 2 out of 14 experi- 
ments on calcareous soils and in'4 out of, 6 experiments on add 
soils, by foliar application of molybdenum. Kanwar in 1962b ob- 
semd an mcreasp of 18.5 qjha of potatoes over NPK alone bv 
soil application of molybdenum. In 1966, Singh and Jain obsei^ 
ed that molybdenum application affected the branches significant- 
but It was more beneficial to the roots than to the shoots of 
Russian_ Giant 'cowpea. Singh et al. in 1969 reported tSrfolNr 

Radha in 1965 observed 
reduction m leaf-rot infection and increased yield of coconut bv 
g-aying molybdenm (54 ppm) for four times VecI PrSkal and 

fotfrV" (20 ppm) of moSenS 

solution four weeks after transplanting increased the yield^ of cab 
bage, Kamalakantan et d. in 1966 noted slight KT in vSd 
rf c..« by fol„ .ppliaaon ot U2 Wha 4“ 

tit ^*^sh attributed the chloro.sis in citrus nl-infc 

Madhya Pradesh to lime-induced iron deficienev and obt£d T 
, results by spraying ferrous sulphate. In 1954 I960 De 

and Singh obsemd that chlomsis of sugarcane in the Lndy 
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owing to iron deficiency and obtained a significant increase in growth 
by foliar application of 0.5 per cent , ferrous sulphate. Tomar et d. 
in 1965 obtained complete recovery from chlorosis of sugarcane by 
spraying 3 per cent ferrous sulphate. Kanwar and Sehgal in 1964 
found that leaves of rice, affected by the ‘Bhurar’ disease, had a 
lower amount of iron and a higher amount of manganese. Kanwar 
et al in 1958-62 and Bhumbla et al in 1963-65 obtained a signi¬ 
ficant increase in yield of rice by foliar application of ferrous 
sulphate in calcareous soils and not with neutral or non-calcare- 
ous soils. In 1964, Singh and Jain observed that sprays with im 
(2.23 Icg|ha) increased the rice yields by 14.6 per cent in Rajas¬ 
than. Kanwar in 1964, and Kanwar and Joshi in _1964 obtained 
a. significant increase in yield of paddy by; soil application of iron 
in the Kulu district. Kanwar et al in 1958-62 and Bhumbla 
et al in 1963-65 obtained a significant increase in yield of wheat 
by foliar application of iron in the case of calcareous, non-calcare- 
ous, neutral and acid soils. In 1959, Datta and Bains_ obtained 
increased yield of green fodder of Jowar by spraying iron. In 
1965, Radha reported that spraying of iron (1,000 ppm) for four 
times reduced leaf-rot infection of coconut palms. Dargan and 
kahni in 1965 . reported that in their trials with different dose of 
iron, none of the treatments increased the yield of American cot-, 
ton significantly, whereas Kamalakantan et al in 1966 observed, 
in Tamil Nadu, a slight increase in yield of cotton by spraying 
ferrous sulphate at 5.6 hg|ha on the 60th day after sowing. 
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CHAPTER VII 

APPLICATION OF FERTILIZERS 


“dicates the type of ferti- 
Ji^r OT fcitili/ei mixtures to be 'dressod tn t]if» emi u f * 

efficient utilization by the crop depends upon the method rf aS 
application of fertilizers. Most of the Sis 
f ^ responses to various fertilizers as their fertility level is 

be obtained whtthS^^^^^ 

applied at the right^time and in.the right manner. 

PRINCIPLES OP EFFICIENT UTILIZATION 

Th« “« indicated deficiency in the soil 

ten rte tetem 

IT ° Af*' wZ? Z a„t S' 

Wk 1°oV‘''tv“'^ ;»»« ao! moderale, and thoje of ’Idd/nd 
oajra tow. Ihe same applies to nhosnhnrne Unf ana 

ments of potash for all the cron are oS'r 1 

the highest requirements for all die nutrients The 

distance to which the nlant fonrl elemn t " lb® 

soil depends upon he SJTt '^bhin the 

•aha, auW/S £ S EZ 

ions move only a short didhnre Generally, phosphate 

for ready aSabi ty £ “ point of placement.% 0 , 
utilized by the plint bv ont IL • "^bere they will be 

chmeical or physical interaction hT”' T®fo^ to any 

and the soil whLbv the f biWe plant nutrients 

Soils with hiXS contoftend^^ iT^bl® to crops, 

more readily than those with ess iron confenT^Soik^f phosphates 

S'zrss teSar 

dWnite the affictaay of P)..,>h.So Iffe fe iZS 
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period folbwing their application to the 't ™ost essential 
that phosphatic and potassic fertilizers should be drilled or placed 
near the seed or seedling roots. This helps the cultivators m the 
following three ways: 

1. Restricted contact of fertilizer with the soil lessens fixa¬ 
tion of phosphorus and potash. 

2. The plant food is placed within easy reach of the roots. 
Thus, the possibility of injurious concentration is mini- 
mi.sed if placement is accurately controlled. On the con¬ 
trary the concentration of nutrient from the fertilizers is 
not diluted by mixing with a great volume of soil. 

3. Fertilizer placed in bands along the rows does not furnish 
nutrients to weeds growing between the row.s. 

To reduce fixation of phosphorii.s and potash ions to the 
minimum, the fertilizers supplying these nutrients must be placed 
in the soil. The placement may be carried out m different ways. 
For example, the fertilizer may be mixed with seed; it may be 
placed below the seedline by drilling the fertilizer or It may be 

placed in side bands. , . , . , r 

In case of paddy cultivation to derive the maximum benefit 
from fertilizer it is very essential that the fortilizens, especially those 
supplying nitrogen, should be placed in reduction zone or deep in 
the sub,soil layer to avoid loss of nitrogen by leaching. Secondly, 
as paddy plants take up nitrogen in the aramomacal form during 
the early growth period, nitrogenous fertilizers should not be neutra¬ 
lized readily and should remain adsorbed on clay particles, 

Time of application. Among the major plant nutrients, 
nitrogen is required by the field crops throughout the growth perod, 
while phosphate and potash are required mainly during the early 
growth period. In case of phosphoru,s it has been estimated that 
at a time when 50 per cent of the total phosphrous has been absorb¬ 
ed, only 20 per cent of the total growth occurs. As .such phospha¬ 
tic and potassic fertilizers are applied at the time of sowing or 
planting, while the time of application of nitrogenous fertilizer has 
to be adjusted in relation to the duration of the crop variety, and 
the deficiency in the soil. 

Enhancing availability by correcting pH value of the 
soil. Soil reaction exerts tremendous influence on the availability 
' of plant nutrients either already present in the .soil or added as 
commercial fertilizer. The favourable reaction range for maintain¬ 
ing an adequate supply of nitrogen is pH 6-8, The pH range 
of 6.5-7.5 is most favourable for phosphorus availability, Below 
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pH 5,5, the phosphate may be tied up as insoluble iron and alumi¬ 
nium compounds and above pH 7.5 as insoluble calcium com- 
pounds. The most favourable pH range for most of the plant nutri¬ 
ents is about pH 6.8 with the exception of certain micro-nutrients. 
The availability of iron, manganese, boron, copper and zinc is 
greatly reduced when the pH rises above 7,5, 

Under Indian conditions there is a great variation in soil 
reaction observed in diilerent States. For instance, soils developed 
under high rainfall conditions are usually acidic, while the soils 
of arid and semi-arid regions are either neutml or alkaline, 

_ In acid soils use of lime should be adopted as one of the 
major soil management practices. The stimulating effect of lime 
IS primarily the effect of liberating nitrogen from organic matter 
by increasing the activity of soil micro-organisms. The increased 
availability of nitrogen and other plant nutrients causes an imme¬ 
diate improvement in crop yields with the use of lime. In this 
connection, an^ old saying may be quoted: “Lime and lime with- 
out manure will make both faim and farmer poor", In alkaline 
soil addition of gypsum decreases alkalinity and makes the nutri- 
eiits available for crop growth, The addition of green manures 
and bulky organic manures opens up the soil and reduces alkalinity 
Permanent reclamation is possible by wa.shing out the sodium salts 
by leaching. 

Adequate .soil moisture. Nutrients are mainly absorbed by 
p ant roots through soil solution. As such it i,s essential that the 
p ant root-zone should have sufficient .soil moisture for bringing fer¬ 
tilizers into solution. Secondly, with the uptake of nutrients plants 
grow fas er. Fo balance the loss of water through transpiration, 
.soil should have sufficient moisture. This is the main reaL why 
fertilizers show better response under irrigated conditions as com¬ 
pared^ to response in the rainfed tract. 

elements are .subject 

to lo.ss by leaching m rain-water or irrigation water. Sandy soils are 
more subject to leaching than heavier ones, and bare soil more than 
tho,se covered by plants. On an average one might estimate that 
loss of nitrogen by leaching is less than one-tenth of that caused 
by crop haivest; loss of potassium is appreciably less than that of 
mtogen and oss o phosphorus is negligible. Special care is neces- 
ary in^ applying ni ropnous fertilizers to save losses due to leach- 
mg, On clayey and clay loam soil the total amount of nitrogenous 
fertilizers to be applied to the crop could be given at one S 
but m case of sandy and sandy loam soils or light soils the tS 
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quantity may be given in two or three instalments depending on the 
duration of crop and weather conditions. 

Reducing loss of nutrients by erosion of soil. Erosion or 
the physical removal of soil by water wind is another agency which 
causes loss of nutrients. This can be large or small, important or 
negligible, according to the degree of erosion. _ Correct soil conver¬ 
sion measures, such as bunding, terracing, cultivation on the slope, 
growing of legumes and grasses in strips and other measures should 
be adopted along with the application _ of fertilizers. This will 
greatly save loss of nutrients through soil erosion, 

Application based on exchange capacity of soil. The soils 
contain clay minerals, organic matter and iron-rich particles all 
of which take part in base exchange interact with the exchangeable 
cations held by the soil. The nutrient ions in the fertilizers can 
be held by the soil particles for future use of crops up to the extent 
the soil is rich in organic matter and has high per cent of clay and 
iron-rich material. In sandy soil when large quantities of fertilizers 
are applied, some of the anions and cations cannot be held within 
the root zone and these are held by lower layers of the soil which 
may not be exploited by the root_ system. Addition of organic 
matter increases the exchange capacity of the sandy soils and thereby 
there is efficient use of fertilizers which are added to the soil. Simi¬ 
larly, in acid soil addition of organic matter increases its nutrient- 
holding capacity, and the plant roots can draw upon the nutrient 
supply within top surface layer of the soil, 

METHODS OF APPLICATION 

The three methods of distribution of fertilizers are: broad¬ 
casting, localized placement and spraying of plants with solutions 
of fertilizers. The situations under which these methods prove 
successful are different. Broadcasting proves effective when the 
crops have a dense stand, when the plant roots permeate the whole 
volume of the soil, on rich soils, when large closes are applied, 
when the nitrogenous fertilizers are readily soluble, and potash 
fertilizers on light soils and insoluble phosphatic fertilizers such 
as basic slag are used. The localized distribution is used for small 
quantities of fertilizers, for application of phosphatic and potash 
fertllizera of higli fixation capacity, when plants are spaced widely 
apart, root-system development is poor, and soils have Ioav level of 
fertility, The fertilizers are sprayed when nutrients are absorbed 
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with difficulty by way'of the soil and the roots, and when nutrients 
are required in smallest possible quantities. 

"^^^9 ^ distinction between placement and localked place- 

jncnt. The former refers to applying fertilizer into the soil, but 
without special reference to the location of seed or plant and the 
latter implies the application of fertilizer into the soil close to the 
seed or plant. 

. Evenly spreading the dry fertilizer over the 

entire field and either incorporating by cultivation or after the seed 
has been sown is generally teimed broadcasting. In the former 
case the fertilizer may be ploughed in with a furrow-turning plough 
or with a cultivator. When it is ploughed in the fertilizer is auto¬ 
matically placed m plough sole layer. The material applied after 
ffie crop has been .seedeij in rows is termed ,as ’side-dressing’, The 
broadcasting of the fertilizer to broadcast sown crops or seeded in 
narrow rows is called top-dressing’. 

In India mo.st of the fertilizers are broadcast manually. The 
matenal^ is carried in baskets and applied as ‘side-dressing’ or ‘top- 
dressing as the case may be. In other countries fertilizer spreaders 
are m use, The low-down gravity-type spreaders are more in com¬ 
mon use than the centrifugal type of spreaders. Where extensive 
areas are to be fertilized, the materials are broadcast by aircraft 
particularly m hilly regions or for paddy fields where machinery 

t; ! broadcasting is the 

Tiger Moth which can carry 300 kg of fertilizer. In recent years 
larger aircrafts to car^ 700 kg of fertilizer have been developed 
and are operated in the U.S.A. and New Zealand. ■ The faS 
IS capable of spreading 10-60 metric tons per day depending'upon 
the distance of the air-stnp to the fields' and weather facto s 
Granulated superphosphate gave the best distribution pattern with 

15-mette elevation ii adopted' 
With cross-wmcl technique when the materials are not granulated 
for even distribution of fertilizer. , S^muatea 

^ Besides the advantage of top-dressing in inaccessible ii-ptu 
aircraft top-dressing ensures even distribution of veiy small quanti- 
es of fertilizer (.such as mjcro-nutrients) over large ^ 
useful for appkation of high analysis material, where the bulk 
IS .small and when combined application of fertilizers anc insSf 
cife dostrod, ad the cost of labour fo, maau .1 dfeibuS 1. 
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In pastures and natural grasslands it is usual to top-dress 
nitrogenous, phosphatic and potassic fertilizers. In crops nitrogen¬ 
ous fertilizers are the ones which are generally broadcast after 
germination of the crop, This may be applied in one dose or 
two and more split-up doses. 

Disadvantages of broadcast application: 1, The weed growth 
is stimulated all over the field and the full benefit of the fertilizer 
is not derived. 

2. The fertilizer worked into the soil before sowing or applied 
after sowing cannot be fully utilized by plant roots as few nutrients 
move laterally over long distances and the roots cannot exploit 
every particle of the soil. 

3. The fertilizer when dissolved in water forms a weak soil 
solution, as it is spread over a wide field and cannot be fully 
absorbed by the plant. 

4. By broadcast application the fertilizer nutrients come in 
contact with a large mass of soil and they are fixed to a greater 
extent than by proper placement, 

Localized placement, Recent investigations on the release 
of nutrients and their uptake, conducted in the U.S,A., have shown 
that a few roots can completely lap up the localized-placed fertilizer 
band. The uptake of phosphate from a fertilizer is largely inde¬ 
pendent of the overall phosphate status of the soil. The uptake of 
phosphate is much greater when nitrogen is present in the band. 
The immobile nutrients in a fertilizer band affect only an inch 
in diameter on heavy-textured soils but on light soils they may move 
out about two inches in diameter. The complex system (^»band 
placement is governed by the factors of biology of micro-organisms, 
soil reaction, temperature, moisture status, aeration, etc. For in¬ 
stance, when chloride* is present in the batid, soluble salts are 
formed which significantly increase the oleotic concentration and 
also influence the pH value. These in turn influence the move¬ 
ment of water into the band, microbial activity, root physiology 
and chemical reactions in the band, Similarly nitrogen and potas¬ 
sium fertilizers also increase the salt content of the soil solution 
more than phosphate fertilizers. When heavy dressings of NPK 
mixtures are required the benefit of placing phosphorus near the 
seed Or plant may be offset by the injury caused by very high con¬ 
centration of soluble salts containing nitrogen and potassium, 
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Further investigations have shown that high microbial activhv 
may sometimes be responsible for poor germination /TfL j 
of seeds. However, modem machinery cfn be adiuaSi 
place the fertilizer at convenient distance from the se^d 
recognized methods of placement are* li) rtrill 

fmllfeer is miMl with ih° . Ji, 

the same spot. This V suiSe “l, feSu'l''! 'T* 

tities of materials are applied Thevp -ii-p 

which have separate seed box and fpriT drills 

attached so that the fertilizer ancf 1!? “ 

taws, and tdmoa in l.,7»S aS oX/tf “ 
method where large quantities of ferdlLr^^can ^ 

without likely injury to seed from thp mnp-, ™ ^ applied 

far or similar IXlrpt/T.^ tdmX K 

animal and tractor-drawn, seed-cuni-fertilizer drill ^ rt 
former are less common than the latter. • 

Drill placement can be practised with desi Irnnniroi w,i v 
also. Here the nari or drill is tied m iNp ^ plough 

adimled to ensure placement at the moist layer mlftW “ 

jSSeSteradSd 

s^ii c fa i tsrixisLfXar hXdi' x 

seed drilled manually in the furrow Ae taLn ^ and 

Sr'Sdiy ‘a^S i =7,- otlnf f h“* 

off. The fertilizer is Teed th Zh thfd m ® 
with shoes on it. This places the fprHlS j 7 
18 cm below the ground Thlifl tf ^ 15- 

the same rows, where Llr h^ been' dffl" on 

crop me" “elfwotfthe maize 
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Table 34, Mean vield of maize in relation to depth of 

DRILLING (yield IN Kg/hA) 


Method of application 


Treatment 


Broadcast 

Depth of drilling 
below seedline 

1 

6,25 cm 

11.25 cm 

1,644 

1,808 

1,790 

1,616 

1,771 

1,699 

1,450 

1,597 

1,570 

1,570 

1,725 

1,662 


918 

532 


135 kg PjOj/ha 
67.5 kg PaOj/ha 
45 kg PoOj/ha 
Mean 

Per cent increase over control 


The results of nitrogen placement arc summarized in Table 35, 

Similar results were obtained with paddy in the experiments 
conducted for two seasons. 

The drilling of nitrogen significantly increased the yield of 
grain in paddy. The difference in favour of drilling was 660 and 
761 kglha in 1957-58 and, 1958-59, respectively, which ranged from 
11-12 per cent. The tillering, growth in height and gram weight 
per hill were all increased. There was slightly more lodging in the 
heavier crop although the grain to straw was narrower in the drilled 
than in broadcast treatments respectively. The experiments con¬ 
ducted in Japan on application of urea have definitely established 
that deep placement in gravelly or sandy soils which have free drain¬ 
age exceeding 20 cm per day reduces the yie d than prface appli¬ 
cation just before, transplanting. In soils, where drainage is slow 
and leaching of nitrogen is not a serious problem, the deep place¬ 
ment has given better results than surface application. In sue 
fields paddy soil differentiates into upper oxidative and lower reduc- 
live layers. In the former, nitrate is the stable form of nitrogen and 
in the latter ammonia. In the oxidative layer atnmoma is oxidised 
to nitrate which, coming down to the reduction layer, is subject to 
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various changes and thus is liable to be lost. On this basis it is 
desirable to place urea in the reductive layer, The urea gives best 
results when placed deep in the soil. 

Table 35, Mean yield of maize in relation to depth of 
DRILLINC (yield IN KO/ha) 


Treatment 

Method of application 

Depth of drilling 
below seedline 

! 13_J. . ... ... 


1 UlUilUCUbl 

6,25 cm 

! 11,25 cm 

22.5 kg N/ha 

45 kg N/ha 

67.5 kg N/ha 
, Mean 

Per cent increase over control 

1,487 
1,515 
. 1,625 
1,542 

1,570 

1,570 

1,634 

1,588 

275 

1,478 

1,588 

1,918 

1,662 

706 


Plough-sole placement: The fertilizer is placed in a continuous 
band at the bottom of the furrow in the process of ploughing with 
a fui row-turning plough, Every band is covered by the succeeding 
inverted earth. _ Here the fertilizer is broadcast on the field prior to 
ploughing. This is commonly practised in the U.S.A., particularly 
in soils having a heavy clay a little below the plough-sole. Thus, 
the fertilizer is placed in moist soil where roots fire concentrated and 
it remains more available to plant roots during the. dry season. In 
recent years fertilizer applicators have been evolved and are in use 
for heavy dressing. These place the fertilizer 40-55 cm apart in 
bands at, or slightly above, 'the plough. 

Band placement: This is a system of localized placement of 
fertilizer by the side of the plant, in the hill or along the row of 
crops. I his IS in a definite space relationship to the seed or plant 
In the drill placement the fertilizer's placed in the .same furrow as 
the seed, whereas in band placement the fertilizer is placed in a 
continuous or discontinuous band to the side of the seedling some 
distance away from it and either at level with the seed, above the 
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seed level or below the seed level. The fertilizer is generally placed 
near the seed by the machine or by means of an attachment on the 
planter. Band placement is usually practised at the time of seeding. 

When proper machinery is available it can save labour and make 
more efficient use of small amounts of phosphorus, potassium or 
mixed fertilizer. The fertilizer may be placed in a single or double 
band. In an experiment conducted oh potato at the Indian Agri¬ 
cultural Research Institute, Nevy Delhi, the increase in yield was 8 
per cent under single-band placement and 14 per cent under double- 
band placement. ’ _ \ 

Normally, the band distance from the seedline varied from 
2,5 cm to 7.5 cm and it is at the same level as the seed. Where the 
moisture is inadequate in the surface layer and size of seed is small, 
the band is placed two to four inches below the seedline so that the 
fertilizer is placed in the moist layer. Deeper placement is advocated 
for light sandy and gravelly soils and shallow placement for heavy 
soils. j 

The experiments on corn conducted on Wankegan silt loam . | 
(Minnesota) in the years 1954 and 1955 on the whole gave extra | 

response of 12.5 bushels when 25:50:50 fertilizer was dressed 5 cm I 

below seed level and 6.25, cm laterally over broadcast application of I 

fertilizer. I. 

An experiment on band placement of nitrogen was conducted - |. 
at the Indian Agricultural Research Institute during 1958-59 and 
1959-60, 

In both the years band placement of nitrogen gave higher yield 
of cotton than broadcast application. The difference between the 
two methods of placement was small in 1958-59, but it was signi¬ 
ficantly higher for placement of fertilizer in bands 10 cm deep in 
the middle of inter-row space, i.e,, 37.5 cm from the seedline either 
way. These differences were observed in all the pickings in both 
the years. 

Spot placement', Sometimes the fertilizer is placed in between 
the plants in pinches at the base of each pair of plants. In Java 
the nitrogenous fertilizers are applied by scoop into holes drilled by 
means of a peg. The bamboo peg has a hole at the bottom and 
through this bamboo the fertilizer is dropped with the scoop. In 
the U.A.R, and Sudan a similar method of applying is practised 
for cotton crop and in China for sugarcane, tobacco and cotton. 

This is a very suitable method of application in vegetable crops. 

The localizea placement of fertilizer has following advantages 
over broadcast application: (i) There is the minimum content of 
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soil with the fertilizei and the fixation of nutrients is appreciably 
reduced, (u) The fertilizer is within easy reach of the seedling 
and as it does not come m contact with the sensitive seeds they are 
not injured, and no loss occurs in stand of tlie crop, The imurv 
IS maximum m dry sandy soil when fertilizers are concentrated e e 
urea, (m) The fertilizer is placed in the moist layer where’roois 
readily penetrate and can absorb the nutrients in solution, fiv) The 
weeds all over the field cannot make use of the fertilizer. Amrno- 
niapl ions are^converted into nitrate ions in the soil by bacterial 
activity, (v) Recent researches on com have shown that a single 
root 15 sufficient to supply all the nutrient requirements of the plant, 
if the supply of nutrients is adequate and the absorbing system takes 
m the supply. Such a root may remain active for the entire season 
and continue ;o absorb the nutrients. The band placement thus 
does not reqmre a yeiy extensive root system to draw up the nutri’ 
ents. (vi) In the fertilizer band the high ion concentration facili- 
ates their movement into the mots. This is due more to intensity 
than capacity factor of the root surface as very few roots tap the 
bands of fertilizers, (vii) The residual response of the placed 
fertilizer is greater than that of broadcast application. ^ 

In the maize experiment. Table , 35, the extra response with 
U5 cm placement was 21.2 kg and with 11.25 cm drill place- 
ment 2B.1 kg respectively, over broadcast application. Similar 
results have been obtained in the cotton experiment. Thus the 
loss of nutrients is reduced. 7 

Injection of liquid fenilm; Anhydrous ammonia has become 
very popular in _the U.S.A. on most of the farms, as the unit 
^st of nitrogen m this is extremely low. In India it is likely to 
become veiy popular in due course. Several other liquid fertilizets 
which can be transported under low pressure compared to 14 kglcm 
in case of anhydmus ainmonia have become popular in several 
0 her countries. Tor their application several soil injecting mach¬ 
ines Tave been developed. The. heavy steel tank on the fnjSg 
machine normally has 4jff900 litres capacity and is equipped with 
automatic safety valves. There is a meter attached with the mach- 
ne, The shoes are of yanous designs but have low draught* they 

snoe. At the Hebbal Farm, Mysore State, an animal-drawn anhv- 

successfully developed. It 
consists of a gas cylinder mounted on a wheel-cart wherefrom the“ 
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gas enters into the soil furrow behind a type of cutler. Anhydrous 
aninionia losses are low when the soil is neither to dry nor too 
wet, but otherwise serious losses of nitrogen occur. The soil should 
have good tilth and should have enough moisture. ^ The aiiiniorua 
is immediately fixed in the base exchange on colloidal particles of 
the soil, 

TIME OF APPIJCATION 

Proper timing of the application of fertilizers is another factor 
that conduces to their efficiency, The nutrient salts in fertilizers 
are of two categories, mobile and immobile. The mobile ones con¬ 
sist of nitrate, chloride and sulphate, and the immobile ones _ are 
phosphorus, ainnioiuum, potassium, calcium, magnesiun!, strontium, 
cobalt iron, molybdenum, zinc and manganese. Of the latter 
ammonium ions can be nitrified into njtrate^ ions by microbial 
activity under optimum conditions of soil moisture, aeration and 
temperature. Thus, nitrogenous fertilizers .should be applied at the 
peak requirements, while phosphorus and potassium can be applied 
at planting time. Besides, it ha.s been observed that phosphorus is 
required early in the life-cycle of the crop for optimum develop¬ 
ment of root .system and later on for seed setting in cereals and 
fruit development in other crops. But for optimum uptake of 
phosphorus it is essential that it should be in mixturp with nitrogen. 
However, fertilizer combination should be such that uptake is 
encouraged. In corn, placement in band of monoammonium phos¬ 
phate and ammonium sulphate combined gave higher uptake than 
moncnimmoniitm phosphate. The uptake was depressed when the 
band consisted of raonoammonium phosphate and calcium nitrate. 
Application of ammonium sulphate helped to keep the phosphate 
in a soluble fomi and effected a greater uptake of phosphorus. 
The presence of calcium reversed the phosphate into in.soluble 
form. The uptake of phosphorus is also influenced by the kind of 
pota.ssium salts consisting of phosphate, chloride, sulphate, nitrate, 
bicarbonate and hydroxide. The uptake of phosphorus was maxi¬ 
mum from potas.siuin pho.sphate (KH^PO,!)* 

It is essential to maintain an optimum balance of nutrients for 
successful growth. Tor early optimum growth a good balance of 
N, P and K is desirable, In the later stage the maximum require¬ 
ments are for nitrogen during the grand growth and seed-formation 
stages. In long-duration crops' it appear,? necessary to top-dress the 
nitrogenous fertilizer at later stages of the crops. The schedule 
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Standardized for the .sugarcane crop in Bombay Deccan is given 
in Table 36. 

In all cases the crops are started with small doses. In early 
crop a substmitial do.se is applied at six weeks, while in medium 
season and aiitili crop this is dressed at eight weeks. In the 
medium season a do,se i.s dressed at 12 weeks but in early and late 
sea,son thi.s is applied at 16 weeks. The balance in all case,? is 
applied at earthing up of the crop. 

Tabi.e 36. Rf.commended schedule of apflication of nitrogen 

TO DIFFERENT TYI'E.S OF .SUGARGANF; CROP FOR 
DECGAN aANAL.s' IRRIGATED AUEA.S 


(Nitrogen in kg|ha) 




Tyi 

e of sugarcane cro 

P 

Time of 




. 

application 

Siiiiso 

i.’il crop 

Prt;-.si.!asouul crop 

Adsali crop 


A/S 

Oilcake 

A/S Oilcake 

A/S Oilcake 

, ■ 

At planting ,, 

33.7 


42 .. 

50.4 

Six weeks 

22.5 

ii2 



Eight weeks .. 

, , 


2fi 140 

33.7 168 

Two weeks ,. 



42 


Six weeks 

33.7 

, , 


50.'4 

.Earthing up ., 

22.5 

112 

26 140 

33,7 168 

Total ., 

112 

224 

140 280 

168 336 

Grand total .. 


336 

420 

504 


The results obtained at 11 centres where the effect of time of 
application of nitrogen was studied under the ‘ Fertilizer Use Pro- 
ject’ during 1953-56 is given in Table 37. 

^ In early varieties application of 13 kg in two split doses, half 
before transplanting^ and half at tillering, gave the best response. 
In midseason varieties, half-dose application at planting and half 
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at tillering showed the maximum response. In late-season (long- 
duration) varieties the best response was obtained by applying one- 
third at planting, one-third at tillering and one-third before 
flowering. 

The results of experiments conducted on time of application 
of nitrogen on cotton during 1958-59 and 1969-60 are given in 
Table 38. 

Table 37. Respon.se to time of application of 13.6 kg n 
TO various duration paddy varieties ■ 


Time of application 

Duration of paddy variety 

Early 

Mid-season 

Late 

Before planting 

5.7 

5.3 

5.3 

At planting , .. .. 

5.5 

4.8 

6.6 

At tillering .. 

5.8 

4.8 

6.7 

Half before planting -f half at 




tillering .. .. 

6.8 

4.4 

6.8 

Half at planting-f half at tillering 

6.2 

5.5 

6.3 

One-third before planting + one- 




third a week before flowering .. 

6.5 

5.3 

9,8 

One-third at planting + one-third 




' at tillering + one-third at a 




week before flowering .. 

5.2 

4.7 

11.1 


During the first year when yields were low for the second and 
third pickings the application of half dose of nitrogen at planting 
and half at flowering gave significantly higher yield than full dose 
at planting or at flowering. In the next year the full dose appli¬ 
cation at planting gave significantly higher yield than Tj and Tj 
treatment. Thus, late application of nitrogen is not beneficial for 
cotton crop. 
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Table 38. Response to time of application of 

NITROGEN ON COTTON {kg|ha) 


Yield of cotton 
at different 
pickings 

1958--59 

1959-60 

Ti I To 

T 

■*•8 

Ti 

T 

T 

1st picking 

473 

i 494 

451 

621 

567 

515 

2nd picking 

254 

1 316 

266 

525 

526 

452 

3rd picking 

91 

1 207 

95 

366 

332 

293 

Total 

899 

1,130 

889 

1,568 

1,511 

1,260 

CD at 5% 


27 



39 



Ti = Full dose at planting; I’a = Half do,se at planting and half 
dose at flowering; T 3 =Full dose at flowering. 

SPRAYING OF FERTILIZER SOLUTIONS 

In recent years considerable progress has been achieved in 
spraying of fertilizer materials on crops. Several nutrient elements' 
are readily absorbed by leaves. The precautions necessary are: 
(i) strong solutions should not be applied; («) the rate of appli-. 
Cation should be low to facilitate absoiption of nutrients; and 
(ro)_ where high or moderate fertilizer rates are envisaged several 
applications may be necessary. Micro-nutrients are required in 
small quantities and their solutions are not strong. Their appli¬ 
cation by foliar spray has given better results compared to soil 
application. In solution for foliar spraying their normal dose can 
be substantially reduced as this avoids chemical fixation of micro¬ 
nutrients in the soil. The doses of micro-nutrients suitable for 
application per ha are: ZnSO^ 0.22-4.5 kg; CuSO^ 0.45-2.26 kg; 
MnSO, 0.022-0,9 kg; MgSO, 2.26-4.53 kg; FeSO^ 2.26 kg; 
Borax 0.45-2.26 kg; Molybdic oxide 0.45-1.36 kg. The actual 
dose depends upon .the degree of deficiency in soil and pre-dlsposing 
factors to it. In wet years sandy soils of desert areas showed 
varying degrees of response but in dry years the response to Fe was 

209 












HANDBOOIC OF MANURES AND FERTIUZEIIS 


very high. Thus, a mixture of these nutrients is to be sprayed 

under such conditions. , 

Since urea is an organic form of nitrogen, it causes the least 
iniurv It cs.n be spx&yGd 3,t the nitc of pci coiU depending 
upon the structure of the leaf. I’hrcc kilograms of urea in 500 
litre,s of water has been reported .safe for wheat, apples, tomatoes 
and maize, but a solution twice as strong usually causes some 
marginal leaf burns. Sugarcane can tolrruto '1 per-cent solution 
of urea. Pritled urea should be avoided for application as it con¬ 
tains biuret (formed in the process of prilling) which is toxic to 
plants, By foliar spraying of urea the top-dre,ssing do.se can be 
almo,st halved. Similar effect of the foliar spray of the phosphate 
solution was observed on tomatoe.s.^ Such application brought 
about early flowering and early fruit set. 
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CHAPTER VIII 


SOIL FERTILITY ASSESSMENT BY 
SOILTESTING SYSTEM ■ 

In the early days of agriculture producing plentiful crop.? in India 
was primarily a matter of preparing the seedbed, cultivating md 
harvesting, Today the situation is different. The high fertility 
of our soil has gone down and the average yields of our good crops 
are the lowest in the world. To maintain successfully high crop 
production in the face declining soil fertility, fanners should know 
the basic facts of plant-food requirement and the capacity of the 
soils to produce it and also what goes on in soils. 

SOIL FERTILITY 

To understand clearly some of the problems involved in pro¬ 
ducing crops in area where soil treatment is necessary, one needs 
to know what the terms soil productivity and soil fertility imply. 
Soil productivity is a rather broad term used to indicate the crop- 
producing ability of a soil. Soil fertility refers to the plant-food 
supply in the soil. Fertile soils are well supplied with available 
plant food either naturally or as a result of good soil treatment 
programmes, Producing'satisfactory crops is not sO'lely a matter 
of ample soil fertility, In the production of crops several factors 
are involved, and yield can be expressed as a function of climate, 
crop, soil and management. 

Chemical tests for soil fertility, A large number of our soil 
scientists and agronomists in the past were adopting the so-called 
‘Bank Concept’, a concept of soil management which broadly 
meant that every plant nutrient that had been removed by the 
crop could be replenished by adding that much quantity of nutri¬ 
ents in the form of fertilizer to maintain high soil fertility. This 
concept, however, worked only under limited conditions. 

The problem of determining the fertilizer needs of a soil by 
means of chemical method has received considerable attention in 
recent years. This has been due to the introduction of new methods 
designed for this purpose. 

The first chemical studies concerned themselves with the total 
analysis of the soil, but no practical correlations between the total 
amount of an element and the need of the soil for that element 
were secured. Towards the end of the last century the concept 
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of measuring the availability of the fertility (jlements in the soil 
became fully developed. The citric acid .solubility method of Dyer - 
is the most striking example of this school of thought. ^ The results 
secured were much more promising. Broad correlation.s between 
the amounts of the elements extracted by such methods and the 
crop response to added elements were secured. These studies, how¬ 
ever, failed to lead to specific correlations and no recommenda¬ 
tion for the general use of any of these methods as a practical 
indicator of soil fertility could be made. 

The concept upon which the new school bases its method of 
study can be stated in a few sentences. Usually more than one 
form of an element occurs in the .soil at any one time. Each 
form contributes to a greater or lesser extent to feeding by plant’s 
roots. The significance of each form to the growth of each crop 
under varying conditions can be established by studies of plant 
growth and soil chemistry. The form or fonns found to be of 
most significance to the immediate growth of the plant can be 
measured chemically and this information can serve as a partial 
basis for recommendations. ' 

The fom or forms to be tested for must be determined by 
chemical and fertility studies using the types of crops and .soils 
on which the tests are to bo applied. 

A practical test or method is one which has been calibrated 
against actual crop response under the conditions^ concerned, A 
test practical for one condition will not necessarily be practical 
for another condition until the neces.sary correlations have been 
established. 

To be of practical value to a farmer the results of a test must 
be applicable under the soil management and cropping system used. 

The study of soil fertility from the standpoint of fertilizer 
needs has followed mainly three general methods: experiment field 
methods, pot-culture methods, and chemical study of the soil and 
the plants growing in the soil. Each of these methods is more 
or less dependent on the results of the other methods for the inter¬ 
pretation of the results secured. 

SOIL TESTING 

Soil tests rnight be defined as laboratory procedures which mea¬ 
sure some fraction of the total supply of nutrients in the soil. To 
be valid these tests must be carefully calibrated with response of 
different crops to the application of fertilizers. Recommendations 
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made to a farmer are based on the relationship between the soil 
test and the outcome of closely controlled fertility experiments, 
soil teshng reveals a rather complex set of relationships and proce¬ 
dures, involving precise chemical analytical method.s and a vast 
amount of agronomic research. 

The knowledge gained through this research in one soil area 
will not apply to all soil areas because of basic differences in soils, 
mwever, adequate research in each soil area and soil classification 
wdl bring out the productivity status of individual soil groups upon 
" ™d“diendations of fertilizer dose could be giVen thrS 

_ Once it is established that a specific nutrient is affecting the 
performance of a crop, fertility trials are conducted over a general 
area, usually state-wise, to determine the extent of occurrence in 

to ft 

hen, IS the key to. making the soil test work. 

To bring about increased crop production in the countrv 
trough the optimum fertifeer use, the Government of India imd^ 
an Indo-U.S. agreement decided to establish 24 Soil-Testing Labo- 

objective of aMlys- 

S?n£tions. ' ‘ giving fertilizer recoL 

samples sent by different agencies are analysed in 
laboratories _ and reconmendations made on the fertilizer 

This analysis is done free of cost at present, The details of the 
procedure are given below. ' ^ ic oeiaijs oi ttie 

Collection of soil samples. If the soil sample is not nm. 
perly collected, the soil test may be worthless. Spoils vary from 
ha to ha and even from metre to metre in any field. ItTs most 
important to col ect a representative sample which will represent 
1 nNo amouniof SprZ 

SaS .tpt " “ P*'!? 

Procedure for collecting soil samples 

Sample each field separately. When the. areas wnLiv, « 
Wd dMncUy differ in mp'srowft, in “appeMnee rf Sb 

“°PP“* manurtd differently divide 
the field and sample areas separately. 

“ composite sample for each area, Scrap away surface 

IS ai V”i: ““"P'* » toKh fa 

fa-20 spots. Golta these samples in clean stnnl, o, etah baj- 
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3. Where crops have been planted in lines, sample between 

not mple omsBl am AvokI areas which have 
been mirfy fenllA old bands, marslly spots, told areas near 

“*‘ 5 ?' uSmet samplins tools. S.tisfaotoj tample, can be 

**“*»'“? “nSoSy“Sk il“ ta'thp sarlace to 
plough-depl If a i«« or a Um,p, is used, Sm d.g a V-shaped 

‘“''■y. Scrape a comer of the blade tatn bottom to top of the 
etcDosed soil-face, collecting tfte sample on the blade or m your 
B Mk samiles well by airiins .nth hands on a clean piece 

SsS'all but one pint by^ quartering. Quartering en- 
sures a representative final sample, I he sample should be dried 
Tthe shade for an hour or two before putting into container 

(cloth ba|J.^ cloth bag or carton should be capable of holding a 

nound or two of the soil, , . . , m .r, ■ 1 

^ 10 Label the container properly giving the soil the send 

number, date of collection and name of the person who collected 
it Fill the information sheet and send it along with each sample. 

11 If the soil is too wet do not sarnple until the moisture 
status is such that you can handle the soil conveniently. 

12. If the soils are too wet they may be air-dned, but do 

not heat the soil. . 1 . t u . , 

13 The soils may be .sent to the nearest soiLtesting laboratory 

^°' TSple of the information sheet, which may be filled in 
while sending the samples, is given in Profoima A, 

At least one sample should be collected from each field once 
in every three years for getting fertilizer recommendations. 

Agencies for collection of soil samples. In India, because 
of the large number of illiterate farmers, it f ould be expected tlut 
most of the faimers will riot be in a position .to collect the soils. 
The extension workers and the village-level workers of the Goim 
munity Project areas, National Extension Blocks, and field staff 
of the State Agricultural Departments have to help the m 

the collection of soil samples. The Block Development _ Officers 
have to take up this work as a part of their agnculturah improve- 
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ment _ programme, supply the cloth bags free of cost, and offer 
technical assistance. The fertilizer dealers can be of great assist¬ 
ance, but in view of the inadequacy of the fertilizer and limited 
sales by private agencies, there is a limited scope of covering a 
number of farais. The soil-testing staff also have instructions to 
collect the soil samples from the farmers’ fields when, they visit 
any particular area, Tlie soil-testing chemists supply the details 
of the method pf collecting the soil samples as well as the informa¬ 
tion sheets which accompany the soils. The village-level worker 
and the Agricultural Extension staff of the Community Project areas 
are trained periodically in the proper collection of soils by the 
soil-testing staff. 

Transport of soil samples. The best arrangement will be 
to pack the soil samples nicely and despatch them by post or by 
railway parcel in case the place is on the railway line. 

Analysis of the soils in the laboratory. When the soils are 
received in the laboratoiy, they are registered, air-dried and 
powdered for proceeding with the chemical analysis. The set-up of 
the soil-testing laboratory is .such that about 50 soil samples can 
De handled m a day. This is possible because of the volume 
measurements of soil with scoops, and the use of racks for hani 
Img in sets of ten samples at a time, both for extraction, filtration 
and intioduction of colorimetnc and flame photometer methods 
loi, the estimation of nutrient elements. The efficiency of the 
daily output of the samples can be further improved by the intro¬ 
duction of automatic pipettes and automatic dispensers, 

At present the soils are being analysed for available phosphate 
potash, nitrogen, organic carbon, pH and soluble salts. With these 
estimations it is reasonably possible to judge the fertility status of 
the sou and assess the fertilizer requirements. 

Methods used in the soil-testing laboratory. The following 
methods have been recommended for use in the soil-testing labora¬ 
tories for the estimation of the six constituents, namely, available 
phosphate, available potash, available nitrogen, organic carbon, pH 
and soluble salts: . 1 

1. Available phosphate: (a) Olsen’s method for soils with pH 
above 6 . , ■ 

. (b) Bray’s method for soils with pH 

below 6 . 
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LlMltS \ 

Low: Less than 22,4 kg P.O„ per hectare: Medium: 22.4-56 
kglha; 

High: Above 56 kg|ha. 

2. Available potassium: (a) Exchangeable potash with neutral 
ammonium acetate, 

(b) Potash extracted with Morgan’s 
extractant. 

Limits : 

Low: Less than 112 kg|ha; Medium: 112-280 kg|ha; 

High; 280 kg|ha, 

'3. Available nitrogen: (a) Alkaline permanganate method, 

* 

Low:' Less than 280 kg N per hectare. Medium: 280 kg-560 kg 
N per hectare; 

High: Above 560 kg N per hectare. 

4. Organic carbon: Walkely Blackls rapid titration 

method. 

5. Soluble salts: Solubilized in 1:2 soil-water extract. 

5 _ pj.];; 1:2 soil-water .suspeasion. 

Fertilizer recommen(lalion.s on the l)asi.s of soil tests. 
From the soil-test results and the information .supplied by the 
farmer on the infonnation sheet, and on the basis of experience 
gained by the method of functioning of fertilizers in the soil and 
the nutrient requirements of different crop.s, recomnicndations^^are 
given for the application of lime in the ca.se of acid soils. The 
dose of fertilizer to be applied .and other soil management practices 
are suggested for giving increased yields. A sample of the soil- 
test report and recommendations form are given in Proforma B. 

The soil test report is sent back to the farmer with the recom¬ 
mendations, A copy of this is also sent usually to the Block 
Development Officer so that hi,s staff can explain the recommend¬ 
ations and make available the fertilizers necessary for the purpose. 

SOIL-TESTING KIT 

The soil-testing kit is an assembly of required chemicals and 
apparatus in a small box for easy transport and extimination of the 
soil in the field itself. 
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.t, use in the Indian soils has been prepared at 

the Indian Agricultural Research Institute, specially for the use of 
field assistants and the farmers, (Raychaudhuri, S, P Jd 

agric^ 

This kit IS useful for the ready estimation of pH, available 
phosphate and iivai ab e potassium in soils. The reagents in to 
kit and the method of using it are essentially the same as those 
of the soil-te-sting laboratories. In order to ensure good rSs 
the kit should be handled only by agricultural extension workers 
having a B.Sl. _ degree m agriculture or ckmistry, or those who 
have been specnally trained for the purpose, ™ 

Soil Jest summaries and fertility maps made on the hasis 
of the soil tests. A soike,st summary furnishes specific informa- 

fertilizer needs of an area 
When large number of sotl tests are made, it is possib e to mm 

= 

When the samples are collected at regular intervals in 

mending .be SS'" " 
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PROFORMA A 
(To accompany soil samples) 

Soil-Testing Laboratory To be filled by Soil- 

I.A.R.I.) New Delhi Testing Lab. I.A.R.I. 


Date of sample taken.Collected by. 

Sample No. 

Report to be sent to ... .. 

Field location: 

Name of cultivator/owner . 

Village ........ P.O./Thana ........ District . 

Survey No.. ‘ ‘ 

Any other information to locate the area completely. 

Sample: 

Depth of sample ........ 

No. of subsamples to get the composite sample. 

Moisture condition when sampled.Moist.Dry. 

No; of hectares in field...No, of hectares represented by 

sample.. .....‘ 

Soil; Local name .. Texture .. 


Group ................ Revenue class .. 

Tick the conditions that apply to this soil: 
Lay of land: Level Drainage: Good 


Rolling 

Steep 

logged 

Erosion: None, Elevation: Upland 

Slight Lowland 

Severe Crop growth: Normal 

Poor 
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PROFORMA A {Concld) 

Special soil Impermeable How does the Easy 

conditions: sulxsoil: soil plough: Hard 

Saline condition 

Past histoiy of field (last 2 years) 

Fertilizers and manures Green 
^^^d/hectar e ' manuring 

Name Yield Fertilizer 

kg/ha-- —•--^- 

Name kg, Name Gart- Crop Year 
__load/acre 

Present crop 
or (rabi) or 

Crop last grown 

{kharif). 

drop one year ago 
(rabi) 

{kharif) < 

Crop to be grown for which recommendation is asked for. 

Rotation of crops to be followed. ' 

(Starting with crop to be grown) 

Crop irrigated / or BaranilxM 

Irrigation: Well Well water:'Brackish 

Canal Good 

State special problems and remarks here. 


Note—Soil-testing is a free service to the farmers of Delhi State 
and they can send as many soil samples as they desire to 
get tested (MAKE FULL USE OF THIS SERVICE) 

, ■ Soil-Testing Laboratory, I.A.R.I., New Delhi. 
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PROFORMA B 

SOIL-TESTING LABORATORY 
INDIAN AGRICULTURAL RESEARCH INSTITUTE 
NEW DELHI 

Soil-Testing Report and Recommendations 

1 . Name of cultivator; 

2. Name of village, P. 0,, etc.: 

3. Date of collection: 

4. Location of the field with respect to village, road, etc.; 

5. Cropping history with yields for two years: 

6 . Manures and fertilizers: 

7. Texture: 

8 . Your soil has the .status with respect to different 
constitutents as shown below: 

Acidic below Tending to Alkali soil 

pPI 7 Normal become alkali harmful above 

pH 6.8 soil pH 8-8.7 pH 8.8 

(a) Soil reaction or pH 

Normal Critical for Critical for Severe injury 
germination growth of salt- to plants 
sensitive crops 

(b) Salinity expressed 
a.s conductivity in 
millimhos/cm at 25”C 

Very low Low Medium High Very high 

(c) Organic carbon (%) 

(d) Available phosphorus 
in kg/hectafe 
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PROFORMA B (Concld) 

(e) Available potassium 
in kg/hectare 

9. You may take the following steps to improve the soils: 

10. You may apply the following fertilizers: 

1. Organic manure 3. Ammonium sulphate 

2. Superphosphate 4. Muriate of pota.sh or 

potassium sulphate 

Assistant Soil Chemist 

Division of Soil Science and Agricultural Chemistry 
I.A.R.I., New Delhi-12 

Copy forwarded for information to: 

The Block Development Officer 
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CHAPTER IX 

SOIL INOCULANTS—BACTERIAL AND ALGAL 

Inoculation of soil , or seed with an active strain of micro¬ 
organism in sufficient numbers is called soil or seed inoculation. 
The various methods used for inoculation with bacteria and algae 
are described in this chapter. 

BACTERIAL INOCULANTS 


Inoculation with Rhizobium! I'he rhizobla or the legume 
root-nodule bacteria are the organisms that function in association 
with the host plant and fix atmospheric nitrogen. Estimated 
amounts of nitrogen fixed from the air by legume bacteria in 
different legumes, grown in the U.S.A., are given in Table 39. 


Table 39 

Legume i 
Alfalfa 
Sweet clover 
Ladnio clover .. 

White clover 
Alsike clover 
Crimson clover .. 

Lespedezes (annual) 

Soybeans .. ■. 

Peas • ■ 

Gowpeas .. *• 

Winter peas 
Vetch 

Beans .. 

Peanuts 
Lupins 
Velvet beans 
Sour clover 

Kudsu .. ‘ • 

Fenugreek 

Bur clover 

Lentils 

Garbanzos .. 

Pastures with legumes 


Nitrogen fixed in kglha 
.. 217 

. 134 

.. 200 

.. 115 

134 

.. 105 

95 

... 65 

81 

" .. 101 

56 
90 
45 
47 

.. 169 

.. 75 

.. 110 

120 
92 

87 , 

.. 115 

74 

.. 119 


fide Peiezar, Michael, J. and Reid, Roger, D. 1958, Microbiolosy, 484, 


Table 363. McGraw-Hill Book Co., Inc., New York. 
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In India the amount of nitrogen fixed by legumes each year 
varies from 50 to 150 kg per ha. In experiments at the Indian 
Agricultural Re,search Institute, New Delhi, it was observed that 
sunnhemp and cowpca fixed 90 kg nitrogen each, berseem 120 kg 
nitrogen and arhar 140 kg nitrogen per hectare per year. 

The efiiciency of selected strains of legume bacteria used for 
seed inoculation was clearly demonstrated in some of the experi¬ 
ments conducted in Tamil Nadu by Rajagopal Iyengar in 1960. 
The fiption of nitrogen by legume is appreciable if superphos- 
phme is applied to the fields at the time of sowing. Experiments 
at Coimbatore showed that the increase in the total nitrogen con¬ 
tent of the soil was , 10-20 per cent in cluster beans, red gram and 
sunnhemp plots. As a result of continuous growing of inoculated 
legumes, specifically foi green-manure purposes over a number of 
yeans, it was observed that the increase in soil nitrogen over con¬ 
ical tbe yield of paddy from 

190-207 per cent for grain and 302-417 per cent for straw. 

The beneficial effects of including legumes in rotations suc¬ 
ceeding cereal crops have been amply demonstrated through experi¬ 
ments in this country and abroad. 

At Hebbal Fairo (Mysore State), the yield of ragi {Ekucine 
coracma) increased by about 30 per cent when grown in rotation 
with groundnut. Experiments at Tindivannm (Tamil Nadu) show- 
ed that the yield of chokm, cumhu, and varagu increased by IM 
per cent, 49 per cent and 119 per cent respectively after ground- 
™ lysimeters and the field, conducted at the 
I.A.R.I,, showed that _ wheat crop, following phosphate-fertilized 
berseem and cowpea inoculated with specific rhizobia, recorded 
increa.sed yields over wheat following rnutuwa, another cereal crop 
This was reported by Desai et al. in 1953, Parr and Bose in 1947- 
and Sen and Bains in 1951. Experiments conducted by Acharya 
et al. in 1953 at the I.A.R.I,, showed that berseem rotated with 
cowpea and wheat resulted in significant increase of nitrogen and 
organic carbon when berseem crop was adequately manured with 
phosphates. They found vigorous microbial activity and higher 
microbial population in plots treated with phosphates, Ammoni- 
hcation, nitrification and nitrogen fixation also increased in these 
plots. 

The cultivation of inoculated legumes with the application of 
phosphates helps m the reclamation of saline or alkaline soils. In 
trials at Mettumaradur (Tamil'Nadu) a crop of dhaincha, raised 
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in the soils after preliminary correction of soil alkalinity using 
gypsum as an amendment, proved effective in improving soil ferti¬ 
lity and increasing paddy yields up to 33.6 q per ha m the treated 
area where no crop grew before. 

Protein content of cereal crops also increases when grown 
in association with legumes in suitable proportions. 

To derive maximum benefit by growing legumes for increasing 
yields and high nitrogen content, and building soil fertility and 
reclamation (i) the seeds of the legumes shou d be inoculated 
with relevant strains of rhizobium suited to the locality, and 
(ii) lime or phosphorus or minor elements like boron and copper 
should be applied, as and when required, as^ fertilizers or for 
correcting soil acidity. The right kind o bacteria must be present 
in the soil for each leguminous crop. When a legume is grown 
for a number of years, the right type of nodu e bacteria usually 
gets established in the soil, unless it is destroyed by bacteriophage 
or parasitic fungi. This can be avoided by inoculating the legume 
seed at planting time with nitrogen-fixing bacteria, thereby ensuring 
that the seedlings are exposed to the right kind of nitrogen-fixing 
bacteria early in the growing seasom _ Where the soils ai’e very 
poor in nitrogen there should be addition of adequate amount of 
nitrogen to meet the crop requirements till the nodules are well 
established, i.e., usually up to six weeks from the date of gcmiina-. 
tion. The use of legume inoculants has given consistent increase 
in yields in different soils all over the world; when grown for the 
first time, 25-60 per cent increase in the yield of_ berseem and 
other legumes was obtained, and in some ca.sea the increase.s were 
as high as 200 per cent 

In India, bacterial cultures specific for common leguminoms 
food, fodder, and green-manure crops including arhar {Cajanus 
caian), cowpea (Figna sinensis), mmg {Phmolus aureus), urid 
(Phdscdlus horse ^ {Dolichos bifiotusjy khssciTi 

[Lathyrus salivus)i gram [Cicer anednum)^ pea {Pisum sativum)^ 
lentil (Lens culinaris), groundnut {Arackis hypogaea), soybean 
(Glycine max), berseem (TrifoKum alexandrinum), lucerne 
(Mediiago sativa), dhaincha (Sesbania sesban) and sunnhemp 
(Cmalaria juncea), are available from the Division of Microbio- 
logy, I.A.R.T., New Delhi, Agricultural College, Poona; Bose 
Institute, Calcutta; Punjab Agricultural University, Hissar; Univer¬ 
sity of Agricultural Sciences,' Bangalore; Agricultural Research 
Institute, Anand; and a few other laboratories. 
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CULTURE 

Method of preparation of cultures 

Isolation of pure culture of legume bacteria'. A six to eight- 
week-old, vigorously growing legume plant is carefully uprooted 
without injuring its nodules or the roots. In case of the legume 
fodder crops, the second cutting stage and in others the second 
year of sowing is preferred. The young, fresh and healthy nodules 
are usually pinkish in colour and oval in shapes. They are separat¬ 
ed by cutting a portion of the root on each side of the nodule to 
avoid injury to it and prevent the sterilizing liquid from, entering 
the nodule. After washing the separated nodules carefully, they 
are placed in a sterilized test-tube containing 10 ml (1 : 1,000) 
mercuric chloride (HgCl) and kept immersed for five minutes, 
taking care that no air bubbles stick to them, The solution Is 
then decanted and the nodules (in the le,st-tube) are washed about 
six times with sterile water and crushed under water with a sterile 
glass rod. The ,sui;pension contains the organism, These are now 
ready for culturing on yeast-cxtnict-rnannite agar medium, which 
is composed of the following ingredients: 

Mannite 10 g, KjHPO^ 0,5 g, MgSO/0,2 g, NaCl 0,1 g, 
CaCO., 3 g, Difeo yeast extract 1 g, agar 14 g, and distilled water 
1,000 ml. 

The agar is poured into some test-tubes and allowed to settle 
in slants, A few test-tubes with molten agar are transferred to a 
water-bath maintained at 45 “G and the nodule suspension is added 
by transferring a loopful of the nodule su.spen,sion to one of the 
tubes by means of a sterilized platinum loop. The agar is mixed 
thoroughly by keeping the tube in between the hands and moving 
the hands forwards and backwards. 

The contents of the tube are then poured into a sterilized 
Petri-dish and allowed to set uniformly by rotating the dish to 
and fro in a clockwise direction. Some drops will be left in the 
lube; one of these may he transferred to another unused tube and 
the process repeated till the third and the fourth dishes are ready. 
Temperature should be 45 "C throughout. When the agar solidi¬ 
fies, the dishes are inverted and transferred to an incubator kept 
at 30“ C. Since the original inoculation is diluted in the succes¬ 
sive tubes, clear isolated colonies are expected to grow in some of 
the plates. U.sually the colonies appear after four to five days. 
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They are usually smooth, raised and slimy, and resemble shining 
water-drops. 

Testing the purity and efficiency of_ the culture: The conta¬ 
minants associated with root nodule organisnis are Bact. tumefaciens 
lAgrobacteriurn tumefaciens) and Bad radiobacter {Agrobacterium 
radiobacter). They can be detected by the different behaviour on 
different synthetic media, 

Congo-red agar medium offers a means of detecting Bact. 
tumefaciens since it produces deep-red colonies in contrast to the 
whitish colonies of the true rhizobia. Bact. radiobacter ancl crown 
gall organism absorb the colour comparatively less but still it is 
more than true rhizobia, Many of the soil bacteria markedly absorb 
the colour. The other contaminant, Bact. radiobacter, can be 
detected by drawing streaks on Hoffer’s alkaline medium (pH 13), 
in which rhizobia do not grow whereas Radiobacter does. 

Yeast extract Congo-red medium {Capping rnethod) : Plate 
with the organism a,s usual on yeast extract mannite agar. After 
the agar sets in the plates, pour 5 to 10 ml of sterilized Congo-red 
medium on it at 45 “C and allow it to fonn a thin layer. The 
Rhizobium colonies will be comparatively whitish, The Congo- 
red medium is prepared by adding 10 ml of 1:400 aqueous solu¬ 
tion. of the dye to ordinary yeast-extract medium containing 1 per 
cent agar, 

Hofjer’s alkaline medium: The ordinary yeast-extract medium 
and N|5 NaOH is sterilized separately; 10 ml of the medium are 
poured with a sterilized pipette into the cell used for determining 
pH and a known quantity of N/5 NaOIi is added till the pFI is 13. 
The medium is now poured into Petri-dishes and after it sets in 
streaks are drawn with the culture. If no growth appears Baci- 
radiobacter is absent. 

Milk tests: These are of two types: 

Ordinary milk: In each of the sterilized test-tubes 10 ml of 
skimmed milk is poured and sterilized at 100 "C for half an hour 
on three consecutive days. 

Litmus milk: One gram of Asolitmin in 100 ml of distilled 
water,is boiled for 10-15 minutes and filtered, and later autoclaved, 
at 6.8 kg pressure for 20 minutes, Then, 10 ml of the solution is 
added to , 100 ml of skimmed milk and the mixture shaken thO’ 
roughly. The mixture (10 ml) is poured into sterilized te.st>tubes. 
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Both the tubes, when inoculated with a loopful of the culture 
reveal chocolate colour in presence of Radiobacter in ordinal 
milk and brown colour with a slimy ring in the presence of litmul 

'Efficiency of rhizobium: The organisms are considered 
efficient when they are able to: {a) establish in■ competition 5 h 
the organisms already present in the soil; {b) foim healthy and 
abundant nodules; and (c) fix nitrogen as judged by increased 
yield and uptake of nitrogen by the inoculated cmp, as compS 
with the umnociilated one. Since phosphate play an impoS 
role m the nutrition of leguminous plant in all tests with legme 
cultures, adequate -imount of phosphate must be made available 
to the crop. Normally, four replications and the following treaP 
mcnts are to be maintained: (a) control (uninoculated) {b) Z 
ftire 1 (c) culture 2, and {d} KNOg treatment at the rate of 9 kg 
N. The increase m yield and nitrogen recovery owing to bacterial 
inoculation and pOg treatment over control show the ex?S o 
benefit ..Wbutable ,o inoeetaien and tehfc eCcy 7*1 
moculaiite. The method of inoculation consists of inoculating the 
seeds with pure strain of Rhizobwh from a slant or with a soil 
culture fol owing the procedure described below. Then he seed 
are dried in the shade and sown. Obsemtions recoJded incS 
nodulation, yield of the crop and nitrogen recoveiy by the crop, 

ing materSs:-*^’ 

K (10 8). hay of the legume (10 g) , 

KgO (05 g , water 10 ml (one-third to one-half Urioldfng 
capaaty) and CaCOg 5 per cent (only in soils low in lime) 

The tins are packed 'with 400 g of soils in each case after 
the above ingredients are mixed. The tins with soil are Srilfzed 

ann “^Oium is distributed at the rate of 150 ml in 

500 ml flasks and steriized at 6.8 kg pressure for half-anSour 
Each flask is inoculated with suspension from the slant Sf nne 
. tube hav ng culture of 24.hour groU. Tb Us arrshaken ?n 
the shanker for periods varying from 24 to 72 hours dependina on 
the generation time of the organisms. In Rhizobium %eciBc iar 
soybean and the u.sual pulse crops, shaking for 72 hours is" re 
cwded. In each tin K) ml of the cultures so obtained are 
added and contents of the tins are thoroughly shaken. The tins 
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are incubated at 28" C for seven clays. The bacterial count in 
the soil culture should be at least 100 million per 1 g of soil cub 
ture. In quick growing organisms, it may^ reach a level of 300 
million per 1 g of soil culture within a period of seven days. To 
inoculate seeds for one hectare of land 990 g of the culture are 
sufficient. 

Inslructions to use the soil culture'. 1. Prepare gur solution 
by dissolving 150 g gur in 1 kg of water. Boil for half-an-hour 
and cool. 

2, Add 400 g of soil culture to the gur solution and mix 
thoroughly. 

3, Mix seeds sufficient for one hectare of land thoroughly 
in the suspension of the culture in gur solution and allow it to 
remain there for about 15 minutes. 

4, Take out the seeds, spread them on a clean cloth and 
allow them to dry in shade for an hour, 

The seeds are now ready for sowing. 

Variation in the efficienc'}i of different rhizobm Efficiency 
of different strains of rhizobia varies, depending upon the capacity 
of the Rhizobium to influence the percentage of water stable soil 
aggregates in the synthesis of B group vitamins, like vitamin B^, 
and other growth-promoting substances, in increasing the yield and 
recoveries of nitrogen by the legume, and the yield of succeeding 
cereals. 

To obtain bacteria with induced activity the seeds of clover 
are put in soil rich in nitrogen. Plants are grown for a month 
and later traasferred to soils poor in nitrogen. Here they fix 
nitrogen from: the air in large amounts; thius the bacteria are 
artificially forced to fix more nitrogen from the air and supply it 
to the crop. The selection of bacteria by this method is more 
effective, Nodule bacteria of clover multiply in the soip at 
2“-4Q° C. They are not killed at -27" C but remain viable. Ac¬ 
cording to the Soviet standards, each gram of nitrogen for quick¬ 
growing bacteria should contain not less than 300 X 1 O'* cells. A 
certain percentage of contamination (not exceeding 10 ) is allowed. 

In India, while the cereal crops cover an area of 90 million 
hectares, the leguminous crops which include gram, arhar, pea, urid. 
mung, soybean, groundnut, berseem and lucerne cover an area of 30 
million hectares. Since the latter can utilize atmospheric nitrogen 
through agency of Rhiiobium specific for the crops when proper 
soil conditions and phosphate availability to crop are assured, the 
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use of these bacterial inoculants are recommended to utilize the 
gaseous nitrogen. The gaseous nitrogen is present to the extm 
of about 80,000 tonnes m the air that overlies each hectare. 

Some of the results obtained with Rhizobium cultures'specific 
for different crops are shown in Tables 2. 3 , and 4 . ^ 

In iiie U.S.A. about 46.5 million hectares are under legumes- 
4^ pel cent of the legume seeds planted are inoculated, In some 
of the areas, the soi s abound in effective root nodule bactel T 
spite of the fact that in the U.S.A. about 5 mill on“s o? 
nitrogenous fertto they manufacture abolit 25 

million bushcl-size units of Rhizobium cultures costing about 7 5 
million dollars for treating the leguminous food and fodder crops. 

Table 40, Rhizobium inoculation tests with soybean, 

VRID AND COWPEA 

(Field Experiment, Kanpur) 


Treatment 


Yield of 
s-tas (kgiha) 


Urid Uninoculated 177' 

Inoculated 

Uninoculated (’ 82 ; 

Inoculated -f P,j.' 2 09 ( 

Soybean Uninoculated 

Inoculated j 

Uninoculated -|- P^. . j 22 (] 

Inoculated -I- P,. ' 1,808 

Cowpea Uninoculated j 775 

Inoculated j^ggg 

Uninoculated -|- Pj. * 3180 

Inoculated + P ,5 ■' | 3,270 

* Superphosphate at the rate of 45 hg per hectare. 
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Table 41. SuRffiiARV of field experiments on legumes 
inoculated with RHIZOBIUM 

' ! L c Number of 

I Number or cxpcniments resultii 
ace Crop j field experi- significant 

ments conducted increase 


Place 

Crop 

Number of 
field experi¬ 
ments conducted 

' 

Bihar 



Kanke 

Soybean 

2 


Mung 

3 


Urid 

1 

Purnia 

Gram 

3 


Khesari 

3 


Kalai 

3 


Pea 

1 

Sabour 

Soybean. 

3 

Bakragunj 

Pea 

1 

Patna 

Gram 

2 

Madras 

Suntihemp 

1 


Arhar 

1 


Cowpea 

1 


Mung 

1 


Urid 

1 

Delhi 

Groundnut 

1 


Gram 

1 


The need for production and distribution of Rhmbimi cultures 
in this country for the leguminous food and fodder crops is all 
the more important in view of the shortage of nitrogenous ferulizera 
and this aspect is receiving immediate attention at the Division of 
Microbiology, Indian Agricultural Research Institutej New Delhi. 

Another important finding in which bacterial inoculation is 
likely to be useful is the treatment of the seeds of cereal crop with 
Azotobacter or a combination of Azotobacter and Rhodopseudo- 
monas capsulalus (a photosynthetic nitrogen-fixing organism) for. 
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I®S5zoth™ «tVp“‘ ‘1 .ft'rA7:rX* 

conditions real benefit invistigJted and it was 

ISitTinmdLd otganUm was eatabllahad 

in the rhizosphere of crops (lable o). 

Table 43. Experiment with Azoro/Mf,™ under upland ' 

CONDITIONS, field EXPERIMENT AT C.R.R.L, CUTTACK 
(yield of grain in Kg|hA, paddy VAR. PTB.IO } 


Treatments 

1959-60 

1960-61 

Mean 


1,170 

2,028 . 

1,599 

MJi 

1,187 

1,856 

1,522 

MJo 

1,994 

2,107 

2,051 


2.520 

2,311 

2,415 

MJo 

1,318 

1,996 

1,657* 

M.,Ti 

1,325 

2,130 

1,728 



C.D. at 5% 117 


My Unmanured control 

M 33'6 kg N|ha as ainmoniuiu sulphate+ 

33.6 kg PoOfJha as superphosphate 

Mg 33,6 kg Ppglha as .superphosphate f 

33.6 kg KoOjlha as potash sulphate 

T Uninoculated 

T Inoculated 

1 
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In paddy crop, treatment with urea at 40 kg N per ha 
coupled with inoculation with Beijevinckui gave .significantly 
superior yield than the control, whereas 40 kg N per ha applied 
in the form of urea alone was not as effective. Further treatment 
with urea at 40 kg N per ha + Beijerinckia inoculation did not 
sigmficaptly differ from urea at 80 kg N ha (Table 9). Beneficial 
effects of Azotobacter inoculation have been traced among other 
things owing to .synthesis of growth-promoting , suhstances The 
amount of vitamin B_ compounds synthesized by Azotobacter and 
by yast IS md.tted in Table 10, In phe,,phale solnbiliiing om- 
nisms tbe amount of P,0, taken „p b, the cnip cmridetably 
increased (Table 11). ^ 


Table 44. Inoculation with Azotobacter number of 
field trials 


Place 

Number of crop experi¬ 
ments conducted 

Delhi 

Wheat 3 

Alhoial soil 

Peas 3 

Cabbage 1 

Cuttack 

Paddy , 2 

Anand 

Jowar 3 

Hyderabad 

) 

Paddy 1 


.showing significant 
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Table 45. Yield of wheat 'np 876’ due to bacterization 
WITH A.Chroococcum Rhodopseudomonas 
CaPSULATUS (field trial 1966) 


Treatments 


Grain yield 
kg 33.4 m2 


Grain yield 
in kg|ha 


Control 

Urea at the rate of 44.84 kg N/ha 
A. chroococcuM 
R. capsulatus 
A. chroococcun and 
R. capsulatus 
Urea and A. chroococcum 
Urea and R. capsulatus 
Urea, chroococcum and R. 
capsulatus 


Table 46. Field experiment (1966-67). Number of 
AZOrOIlACTER PER G OF DllY .soil AND RHIZOSPHERE 
OF WHEAT CROP 


Counts of Azotobacter per g of dry soil 


Treatments 

Non-rhizosphere 

Mean 

Rhizosphere 

Mean 

R|S, 

Ratio 

Control (only basal 
dressing) 

4,253 

44,800 

10.5 

Urea (N) 

5,080 

41,000 

8.1 

Azotobacter (A) 

50,500 

68,933 

1.3 

Rhodopseudomonas (R) 

A -h R 

48,366 

67,666 

63,333 

308,166 

1,4 
! 4.5 

N 4- A 

31,666 ' 

55,333 

1.7 

N + R 

31,250 

24,733 

0.9 

N -h A + R j 

57,066 

55,333 

1.07 
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Effect of Beijeiunckia inoculation on 
PADDY yield. (Field Experiment) 

Kharif 1967 
‘Taichung Native 1’ 
Randomized Block Design 
Four 


Treatments 

Average grain 
yield per 
plot in kg 

Grain yield 
in kg|ha 

Per cent 
increase over 
control 

Control 

0,889 

2,871 

I. 

1 . 

Beijerinckia 

0.871 

2,812 

-2 ' 

40 kg N 

1.140 

3,681 

28 , 

40 kg N A-Beijerinckia 

1.417 

4,575 

59 

80 kg N 

1.498 

4,837 

69 

80 kg N -f Beijerinckia 

1.561 

5,040 

76 

120 kg N 

1.615 

5,215 : 

■ 82 

64 

120 kg N 4 Beijerinckia 

1.462 

4,721 

C.D, at 5% 

level for 

treatments 

0,291 , j 

1 

! 

'! 

940 1 



N applied as urea (kg|ha) 



Table 47. 

Season 

Variety 

Lay-out 

Replications 


1. Urea at 40 kg N/ha + Beijerinckia was significantly superior 
to the control whereas 40 kg N/ha alone was not. 

2. Urea at 40 kg N/ha -f Beijerinckia inoculation did not signi- 

ficantly differ from urea at 80 kg N/ha alone. ' 
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Table 48. Amount of vitamin is compounds synthesized by 

AzOTOBACTER and beer yeast HG per G op DRV CELLS 



Thiamin 

Riboflavin 

Nicotinic 

acid 

Biotin 

Pantothenic 

acid 

Azotohacter 
Beer yeast 

96 

40 

304 

50 

480 

500 

, 

4.23 

2.00 

184 

50 


The number of field experiments conducted in different parts 
of the countiy under different soil and climatic conditions and the 
number of , experiments showing significant increases in crop yields 
when the seeds are treated with phosphobactenn are shown in 
Table IL 

GROWING OF MICRO-ORGANISMS ON MASS SCALE 

Until recently the surface method of producing bacteria on 
solid media or in a shallow layer in liquid media was followed. 
This method required a large surface area and could not be easily 
subjected to automation or mechanization, Presently the ‘deep’ 
cultivation method is followed. It provides very favourable con¬ 
ditions for multiplication of bacteria. The micro-organisms are 
inoculated into the nutrient medium containing all the necessary 
substances, The medium is aerated for facilitating multiplication 
of bacteria. The reaction vessels (tanks) in the factory producing 
the bacterial fertilizers are of 1,000-litre capacity. The ‘deep’ cul¬ 
tivation method has very pronounced advantages to its credit, espe¬ 
cially in the increased number of cells (Table 13). 

One of the essential factors in the deep-cultivation method is 
sufficient supply of air in the medium. The air should be atomized 
and should be distributed evenly in the entire tank, Another im-, 
portant condition is the selection of nutrient medium, It must 
not only meet the requirements of microbes in respect of nutrients 
but also facilitate quick multiplication and formation of spores, 
e.g, in B, megatherium. The nutrient medium is sterilized in the 
tanks if the capacity of the latter does not exceed 1,000 to 3,000 
litres. 
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Table 51. Advantage of 'deep’ cultivation method over 

.SURFACE METHOD OF PRODUCING BACTERIA 


Bacteria 

1 Ordinaiy method 

1 ' 1 

‘Deep’ cultivation method 

Nodule bacteria 

20-50 X 10'* per cc 

2,000 X 10“ to 4,000 X 10“ 

Azotobacter 

10-15 X ID'* per cc 

per cc 

1,000 X 10'* to 1,500 X 10“ 

Phosphobacter 

AH in liquid medium 

per cc 

1,000 X lO'i to 2,000 X io« 
per cc 


A laboratory submerged cultivation unit with a capacity of 
100 htres co.sts about Rs 20,000. The bacterial mass is coiicen- 
tratecl by centrifuging at a speed of 9,000-11,000 revolutions per 
minute. The centrifuge delivers 40 litres of bacterial mass per 
hour. The cost of the centrifuge is about Rs 20,000, The re- 
action ve.ssel of 100-litre capacity gives 1 kg of phosphobacterin 
.paste containing jO per cent moisture when used for producing 
pho,sphobacumn 1 he cells are dried by lyophilizing them an 
iwcuum at 10-3 mm Hg at low temperature of -20" to -i5"C. 
Dry GO„ IS used for the purpose. 


_ Dose of air in deep cultivation. The ordinary dose of air 
IS one litre per litre of medium in one minute, Thi,s amount is 
subject to composition of the nutrient medium. Media with plant 
extracts foim foam when micro-organisms are grown; this can be 
avoided by addition of a small amount of sunflower oil, Some¬ 
times, the development^ of bacteriophage is obseived and it con- 
taminate.s the surrounding atmosphere. To prevent it, 5 per cent 
formaldehyde is used for systematic disinfection of , the plant 
premise.s. When iihase development is observed, the strain of 
bacteria should be replaced by a phase resistant strain. 

Use of inoculum with deep-cultivation method. Dry in¬ 
oculum , IS added to a liquid medium in a flask provided with a 
shaker. When reaction starts and the bacteria multiply the con¬ 
tents are transferred to the tank. 


When soil culture is prepared for legume inoculation in clay 
and acidic soils, sand and chalk are added for making ,up the 
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Structure and checking acidity. The pH .should be 6.8 and the 
moisture should be adjusted to 60 per cent water-holding capacity. 
In bottles of half-litre capacity 40 per cent water-holding capacity 
is made up in the soil (0.5 kg) and they are sterilized at double 
the atmospheric pressure (120''C) for-two hours, In the U.S.S.R. 
,80 cc of culture are added in each bottle if the organisms are 
grown in flasks and the bottle.s are incubated for .seven to eight 
days. On the other hand, if the culture from the aeration reactpr 
is added, lesiser quantity of culture can be added, since each cc 
contains .several million cells. The bacterial count i,s taken after 
two days, The .soil culture u,sually contains ,800 X lO*! pd 100 X 
lO'i cells in the fast- and slow-growing organisms respectively. 

Inoculation with Azotobactcr or pho.sphol)acterin. The 
important point of bacterization with Azotobactcr (a non-symbiotic 
nitrogen-fixing organism) and phosphobacteria (Pho,sphQru,s-solu- 
tioning organisms) is that the seeds are to be bacterized with a 
heavy population. In the U.S.S.R,, Azotobactcr and phospho- 
bacteria have been produced for 3 and 14 million ha of land 
respectively, 

ALGAL INOCULANTS 

By and large, the .soil algal community is found on or just 
below the soil surface, although many forms have been recorded 
from coiLsiderable depths. The deep-growing community is largely 
composed of surface growing forms that are washed down into 
the soil by percolation of rain water or irrigation water, and by 
regular cultivation of the fields in some ca.se.s. Since these forms 
are _essentially phototrophic, their contribution beneath the illu¬ 
minated zones of the soil towards .soil fertility largely depends on 
the utilization of their own reserves or of the organic matter pre¬ 
sent. Thus, in the deeper layers, they may not increase the fertility 
sulistuntially, although they may probably add to the organic of 
the soil. Their importance in .soil economy lie.s chiefly in their 
growth on the soil surface where photosynthesis is possible. 

Most of these algae are cosmopolitan in distribution, although 
differences in specific composition and quantitative characterization 
do exi.st, To find out the inherent basic algal population in diffe¬ 
rent soils, enrichment cultures are generally used, 

Jn the rice fields of Uttar Pradesh and Bihar occur a dominant 
and widespread nitrogen-fixing algal community of blue-green algae, 
constituted mainly by Aulosira fertilissima intermingled with 
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Anabaena ambi^ua, A. fertilissima and Cylindrnspsrmum gorakh- 
purense. Singh’s in 1942 and 1961 and author’s observations in 
rice soils from the States of Tamil Nadu and Kerala reveal ubi- 
quitoas occurrence of Aulosira fertilissima which .seems to have a 
.great affinity for condition.s prevailing in rice field,s. In 1949 
Gonzalves and Gangla, on the ba.5is of their study of the algae of 
soils of rice fields from Bombay, correlated tlie algal growth with 
the physical and chemical properties of the soils .such as texture, 
moisture, moisture-retaining capacity, calcium content and pH. 

The blue-green algae show an overwhelming preponderance 
over the other classes of algae in India as against the temperate 
soils where the reverse i.s the case. 


Order and Family 

Species able to fix nitrogen 

Chroococcales 

Nostocules 

Chloroglea fritschii 

Nostocaccae 

Anabaena ambigua, A. cylinilricu, 


A. fertilissimas A. Jiumicola. 

A. naviculoidcii, A. oryzae, A. variubilis, . 

A. azollue) Anabaena spp.,, Anabaenopsis 
dmilarh, Cylindrospermum mains, 

C. gorukhpurense, C. licheniforrne, 

C, sphacrica, Nostoc commune, 

N. paludosunuN. puncliforme, N. muscom 
and Nostoc spp. 

Micrbchaetaceae 

Aulosira fertilissima 

Rivulariaceae 

Calothrix brevissima and C, purknina 

Scytonemataceae 

Stigoneinatales 

Tolypolhrix tenuis 

Stigonemataceae 

Mastigockdus latninosus and Stigonema 


dendroidemn 
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BLUE-GREEN ALGAE CAPABLE OF FIXING NITROGEN 

Tile principal genera containing maximum number of nitrogen 
fixing species are Nostoc, Annbaena and Cylindrospemum. The 
nilrogeri-fixiiig blue-green algae, known so far are listed at page 241. 

The utilization of these organisms in the general agricultural 
practices involves the following consideration,s: 

(a) growth and general physiology of these organisms; 

(b) strain variation and nitrogen-fixing capacity; (c) strain com¬ 
petition; id) nature and production of extra-cellular substances; 
(e) mass culturing and seeding material; and (/) their role iii 
the rice fields. 

Growth and general physiology. All the nitrogen-fixing 
blue-green algae except a strain of Nostoc puncliforme, are capable 
of phototrophic growth in purely inogranic media, although a few 
are also capable of heterotrophic growth, In this condition the 
growth and nitrogen fixation are lower. 

the blue-green algae utilize a variety of nitrogen sources, be¬ 
sides the free nitrogen from the atmosphere. They prefer usually 
neutral or slightly alkaline conditions, though many of them ma^ 
also be encountered in the acid rice field .soils, a,s in Kerala. Moly¬ 
bdenum is an important element necessary for their growth. Cal¬ 
cium, sodium, boron and cobalt have also been found"important in 
this respect. No requirement of organic growth factors uppeaivs to 
have been demonstrated for a nitrogen-fixing blue-green algae,' 

Strain variation. There are great differences in the amount 
of nitrogen fixed by various genera, and sometimas by the same 
species from different localities (Tables 52, 53). 

The influence of genetic constitution is an , important factor 
which detennines the relative capacity of blue-green algae to fix 
nitrogen. 

Nature and production of extracellular .substances. The 
important factors in regulating the extent and accomplishment of 
increased soil nitrogen by the algal activity are: (a) relative effici¬ 
ency of their nitrogen-fixing capacity, (b) their carbohydrate status; 

(c) rate of excretion of soluable nitrogenous substances and their 
availability to the crop plants; and (d) the soil and root environ¬ 
ment. About 50 per cent of the total nitrogen fixed by these orga¬ 
nisms appears in the medium in soluable form. The deficiencies of 
potassium and iron in the medium have been found to markedly 
increase the liberation of extracellular nitrogen by Venkairaman in 
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I960, whereas higher concentrations of nitrate in the ^medium 
inhibit the liberation significantly. This was reported by Venkat- 
, raman in 1961 and Henriksson in 1957. This should be borne 
in mind while applying these algae to the fields along with com¬ 
mercial nitrogeneous fertilizers. 


Table 52. Extent of nitrogen fixation by various 

BLUE-GREE N ALGAE (SiNGH, 1961) 


Algae j 

Period of 
incubation 
(days) 

Nitrogen 
fixed (mg) 

Cylindmpemum sohuerica 



(Venkataraman et al, 1959) 

55 

3.92/75. ml 

C, gmkhpurme (Singh, 1942) 

45 

5,0/100 mi 

Anabaena ambigua (Singh, 1942) 

45 

5,6/100 ml 

A. fertilissima (Singh, 1942) 

45 

6,7/100 ml 

A. oryzae (De, 1939) 

60 

4.5/100 mi 

A. vanabilis (De, 1939) 

60 

5.7/100 mi 

ri. naviculoidea (De, 1939) 
Stigonema dendroideum 

, 60 

3.6/100 mi 

(Venkataraman, 1961d) 

Nostoc sp. (Venkataraman, 

20 

3.24/100 ml 

,1960b) 

,30 ' 

2 .2/100 ml 

Anabaena azollae (Venkataraman, 


1962b) ;, , 

30 

3,49/100 ml 


he extracellular products may be ecologically important in 
many ways; those liberated are directly utilized by other organi¬ 
sts, thus, short circuiting the nutrient cycle, or some of the 
extracellular enz^es may play a part in the breakdown of orga- 

responsible for determining the 
existence and amndance of a particular fomi in a given en- 
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Table 53. Variation in the nitrogen-fixing capacity of 
NoSTOC from different LOCALITIE.S 
[VeNKATARAMANj IINPUIiLLSriED) 


Localities 


Period of 
incubation 
(day.s) 


Nitrogen 
fixed (mg) 


Chandigarh, Punjab 
Calcutta, West Bengal 
Okhla, Delhi 

Gopalasamudrum, Tamil Nadu 


1,3/100 ml 
0.96/100 ml 
1 ,00/100 ml 
0,92/100 ml 


vironment. Some of the extracellular products of algae have 
rS propertie-s. The filtrates of an endophytic Nostoc strain 
h V g ven some indication of presence of .some thermolabile growth 
Demoting substauce.s. While the e.xtracel ular_ nitrogenous .sub- 
Ses are compo.sed of complex polypeptides m some cases, .-is 
TSothm IneLm and inn Nome .strum,considerable amounts 
of free amino acids like aspartic acich glutamic acid and alanine 
liavf been observed. Recently, Hennksson m 1961 reported that 
polysaccharides and vitamins belonging to B-complex (thiamme, 
riboflavin, nicotinic acid, pantothenic acid and biotm) are excreted 
by the Collema nostoc. 

In 1967 Venkatgraman and Neelakantnn recently showed 
that the beneficial effect of blue-green alpe on rice plants was 
more because of Vitamins and auxins synthesized and supplied by 
these algae to the crop than the nitrogen fixed by them, lias 

acconuLs for the additionaUfIcet of algae even m presence of 
high-level nitrogenous fertilizers. 

Mas.s culture and seeding material. _ The two main consi¬ 
derations in the utilization of these algae in our agriculture are: 
(fl) growing the algae, in abundance (mass 
sewing the algae for ‘seeding’ purposes. In Jaiian, the three 
most commonly used techniques for mss . (“L 

stirring culture in a tank having glass windows through which the 
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culture i.sjllununatcd from the outside, (b) a dosed'circulation 
culture using a flat tube of vinyl sheeting, and (c) culturing on 
the moist surface of fine porous volcanic gravel. The ‘ open-bub- 
bling’ system of Watanabe cl d. (1959) has been found to yield 
about seven^ tonnes of alga a year. This would be .sufficient for ■ 
inoculating 304 ha of paddy fields for changing its microflora, 

_ The preservation of these algae in a fresh state is equally 
important. Watunabe in 1959 cultured and preserved these algae 
on moist volcanic graval (Kanumalmhi) and found this method 
preferable to tlie lyophilizatioir technique. The moist surface of 
ffie fused magnesium phosphate fertilizer has also been found to 
be a good .substratum for growing these algae with the additional 
iidvantage of the inagnesitim phosphate being utillzable by the crop 
plants. In 1961 yenkatararaan developed a ‘dry sand’ seeding 
iiiftteiitil, where ordinary sand is washed several times with distilled 
water and soaked in a nitrogen-free medium and sterilized. The 
sand is inixotl with concentrated algal .suspension and gradually 
dried m the sunlight. , The dried sand thus obtained can k stored 
in polythene bags or bottles and handled freely. Such dried mate¬ 
rial may retain its reviving capacity unimpaired for well over two 
years. If extensive trials prove successful, it may be economical 
lor preparing the seeding material in our country, 

lo make it more economical and practical, open-air soil cul¬ 
turing wa,s dove oped .simulating the rice-ficld conditions. Large 
Iray.s of -. in X 1 rn were layered with 5-cm soil and kept water¬ 
logged. Prior to .seeding, the trays were sprinkled with lime to 
promote the growth of inoculated algae. Suitable strains of algae 
wpie moculated and the trays were kept open in the sunlight. On 
bright sumiy^ days, the entire soil surface get covered with a thick 
u ga mat within a week. The water is allowed to dry and the 
algal flakes, which crack, are collected and used for inoculation 
purposes. Ihe advantages of this simple procedure are : (a) large 
amount of algae can be prepared with least cost, [h] this principle 
can be adopted m the farmer’s field itself, and (c) this method 
helps the organism lo adapt to the soil, 

Vi., S in rice fields. The condition of 

ice fields m India may be clearly distinguished into three period.s: 

« the water.logged period from transplantation to harvest time: 

if, Lr desiccation period 

during w^hich the soil temperature frequently exceeds SO^O. 
Utiring the latter periods the algae remain domant and their 
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activity is almost nil. The available evidence .shows that under 
water-logged rice-field conditions the nitrogen fixation is essentially 
an algal process. 

The appearaiiice of an abundant growth of algae in water¬ 
logged rice folds is a very common phenomenon in the tropics, and 
the fertility of the rice fields in the tropical countries may be at 
least partly ascribable to the activity of these algae. Unfortunately 
little information i.s available on the magnitude of nitrogen fixed 
by these organism.? in the rice fields in India. 

Prasad in 1949 reported that the amount of nitrogen added' 
to rice fields in South Bihar due to the activity of these algae was 
about 14.5 kg per ha after harvesting the crop. In 1950, De and 
Sulaiman, on the basis of extensive potculture experiments with 
rice plants over five years, with or without the,se alpe, found that 
during the first two or three years the yiekls of rice crop in the 
presence and absence of algae were not much different, hut there- 
afthr the former showed a progressive increa.se and the latter a 
similar decrease. In the fourth and the fifth year the yields in 
the presence of algae were much higher than those in its absence, 
and the amount of nitrogen in the soils with algae showed consider¬ 
able increase In contra.st to soils lacking algal growth of this amount. 

Nitrogen fixation has been found to be greater in the pre.sence 
of the crop than in il.s absence. This was reported by De and 
Sulaiman, 1950; De and Mandal, 1956. This is attributed to the 
increased supply of' carbon dioxide resulting from re.spiration and 
decomposition of roots of the plant.s. In the cropped but unferti¬ 
lized soils, fixation varied from 15.5-49,7 kg N per ha, and the appli¬ 
cation of 67.2 kg P20g per ha (superpho,sphate) stimulated nitro¬ 
gen-fixation only in relatively poor soils, De and Sulaiman in 1950 
observed that the addition of phosphates to rice soils, whether as 
pota,ssium pho.sphate or as calcium phosphate, stimulated the 
nitrogen-fixation by algae. On the other hand, potassium or 
magnesium sulphates when applied singly had a depressing effect; 
this was not noticeable when the two were used in combination 
with phosphates. The addition of molybdenum also enhanced 
fixation. Phosphate, calcium and molybdenum supplies appear to 
be important limiting factors for the growth and nitrogen fixation 
by blue-green algae in certain rice-field soils, 

Recently, it has been found that the nitrogen fixed by the 
blue-green algae is available to rice plants and that it is. possible 
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to grow rice with no nitrogen other than that fixed from the air 
by these algae. 

Singh iip 1961 performed pot-culture experiments and field 
scale trials with Auloma fenilmima. The method of inoculation 
adopted was broadcasting the powdered stratum of the algae cor 
JnuiR numerous spoms mixed with I'kg of lime on the surface 

Sb irr* by 

In Japan, Watanabe and co-workers reported increased 
growth of rice plants m both water and pot cultures. In water 
cultuies inoculated with Tolypothrix tenuis, the lengths of the 
leaves were greater than those in the control by an^verage of 
17 per cent and the number of ears by 30 per cent. ™ 

f applying Tolypothrix tenuis, the yield of rice 

increased by 2.7 per cent m the first year, 8.4 per cent in "he 

21.8 per cent in 

the fourth year on an average of 11 fields. In one field th^ 

the fold with 158 kg of ammonium sulphate per hectare as the 
additiona fertilizer, The inoculation of paddy fiSds wa; per' 
foimed during June-August (this period extend.? from abom a 
month before to ne,irly a month after the ‘bedding-out’ of voumr 
rice pliints) by seeding with the culture containing 2-10 L of 
algae (diy weight per hectare. Before seeding, wafer in the rice 
hme-powder which was effective in sun- 
piessing the growth of other algae and at the same time lowered 
the acidity of water to a favourable level. 

In 1968, Datta and Venkataraman reported that be,sides in 

fo Sk t Wue-gi-een algal strains into 

tile, lielcls It IS also pos.9ible to increase the soil nitroeen contpne 
ay strengthening, the indigenous blue-green algal flora. 

Foi the promotion of the indigenous soil almiB the rpsyimpn 
recommended by Subrahmanyan et al in 1964a 1965b and Relwnni 

£ mtT" “ ““»' “nw" 

pS h’cttr? and 0,25 lis of sodium molybdate 

_ A recent field trial in a fertile tract showed an increase of 
1 W6 per cent m the gram yield owing to a combined annlication 
/nyftlhrovoffh'' tslb*) ■'iiitl iotlium molybdate 




Table 54. Effect of alcae i2s"ocijlatio>j o>w etce flamts 
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Table 55. Effect of algal inoculation on the grain yield 
OF ‘asd. 5’ in cultivator’s field at 
Vasudevanallur, Tamil Nadu 



Fertilizer mixture 6,453,43 — 

Fertilizer mixture + algae 7,470.68 ' 15.76 


Recent experiments have also shown that high-yielding varieties 
of paddy like I.R. 8, ‘T.N. 1’ also favourably respond to algal 
inoculation (Tables 18, 19), ^ 


Table 56, Response of high-yielding paddy varieties to 
ALGAL inoculation 


Variety 

Per cent increase in grain yield over 
control 

T.141’ 

11.8 

‘GEB.24’ 

14.8 

‘Asd,5’ 

15.7 

‘T.N.1’ 

27.5 

‘IR,8’ 

22.07 


Nitrogen fixation by blue-green algae in other soils. The 
only studies on the role of blue-green algae in other cultivated 
soils, like sugarcane and maize fields and grasslands, were those of 
Singh in 1961, The growth of Cylindmpemum licheniforme is 
a striking feature on the soil surface of the sugarcane and maize 
fields of Uttar Pradesh and the alga has been shown to add 89.9 kg 
of nitrogen per hectare in about 75 days, 

In many grasslands, under the thick cover of grasses, the soil 
surface is invariably covered by thick mats of blue-green algae 
and the thicker the grass cover, the better is the growth of these 
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Table 57. Effect of algal inoculation on the 

GRAIN YIELD OF TR 8’ 



Pot (g/pot) ■ Field 

*(kg|ha) 

i — Algae 

i 

+ Algae — Algae 

i 

-|- Algae 

1 

PK (45:30) 

3.96 

5.83 


NPK (100:45:30) 

13.90 

24.90 


NPK (100:80:45) 


3567.3 

4007.4 


^Conducted in a cultivator’s field at Moradabad, Uttar Pradesli. 


algae, If the grass cover is not subjected to grazing or cutting, 
the.se algae continue to grow and add nitrogen to the soil. In 
1961, Singh showed that owing to the growth of Cylindmpemum 
Hcheniforme the total nitrogen content of the soil of the grasslands 
increased by 88.2 per cent and the total yield of grass by 202,7 
per cent. 

Bloom algae as manure. The luxurious growth of perennial 
and planktonic blue-green algae {Microcystic, etc.) in our ta nk s 
and ponds (water-blooms) can also be profitably used as manures 
in our general agricultural practices. Pot-culture experiments with 
a Coimbatore variety of sugarcane ('CO,42T) have shown that 
the.se boom-algae can be used as green manure because of their 
high nitrogen and phosphorus contents besides other growth-pro¬ 
moting substances. 


Reclamation of usar lands by blue-green algae. Reclama¬ 
tion of alkaline usar soils by blue-green algae depends mainly on 
water-logging of the soils, which can be achieved either during the 
rainy season or by irrigation. The field is divided into small plots 
and enclosed on all sides by earth embankment, thus converting 
them into small, shallow ponds. These operations are done before 
the commencement of rainy .season. When these shallow plots be¬ 
come water-logged owing to rains, the bluergreen algae make their 
appearance on the surface, and within a fortnight or so form a 
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compact stratum and continue to grow as long as water remains. 
When the water dries up the algal material can be ploughed and 
the soil levelled for the second time. ^ It will be possible to treat 
the soil in this manner two or three times a year. Sloping lands 
May be subjected to the principle of ‘contour-farming’ by Singh in 
1961, where the_ held operations, like ploughing, planting, cultiva¬ 
tion and harvesting, are done at right angles to the natural direc¬ 
tion of the slope of the land, Contour-tillage interrupts or retards 
water flow, thereby reducing erosion and increasing water penetra¬ 
tion into the soil, especially in combination with algae like phos- 
phorosiphon notarisii and Microcoleus chthndplast.es. All these 
practices are usually supplemented by construction of bunds on 
the contours, 

Nostoc commune and Aulosira fertilissima, which are power¬ 
ful nitrogen-fixere, can be introduced where they do not occur 
naturally by sprinkling the algal po-wer mixed with lime on moist 
surface of the usar soils. The algal material thus incorporated 
in the soils conserves organic matter, nitrogen, phosphorus, moisture 
and also converts the sodium clay into calcium type. The field 
experiments conducted with paddy(‘T,9’)and sugarcane(‘G0.421’) 
in rotation on such reclaimed soils confirm the advantageous effect 
of algae in the reclamation of the soil (Singh, 1961), 

SEA-WEED AS MANURE 

The sea-weeds are rich in potash, ionic sulphates, trace ele¬ 
ments, growth substances and other essential elements required by 
the crop plants. Since most of the nitrogen in the sea-weeds is 
m the ionic form, the crop plants can readily absorb the whole 
amount. However, they are poor in phosphates; therefore, to 
obtain best results from sea-weed manures, they should be sup- 
plemented by phosphates. 

The sea-weeds commonly used as manure are the brown algae 
and are rarely some red algae producing lime, Weeds for manure 
are either collected from drift (drift-weed) or cut from the rocks 
(rocK-weed), and the haivested weeds are applied either directly 
to the land or made into a compost, 

In the direct application method the weeds are normally spread 
on the agncultural dands till the water content is reduced. In 
ha lazy-bed method alternate layers of land are cultivated and 
left tallow _and the sea-weeds are applied to alternate strips in the 
neid, Similarly, the weeds can be applied as a top-dressing, a 
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method found to be good for cabbages and clover, They are used 
in many countries for .sweet-potatoes, groundnuts, potatoes, turnips, 
Swedish oats, and coconut and coffee plantations. In the direct 
application methods other manures may also be added. 

In most places the direct application of sea-weeds is not prac¬ 
ticable, since the availability of drift-weed is seasonal and hence, 
limited. Here, the sea-weeds are preserved in the form of compost, 
which may be prepared by placing the sea-weeds between layers of 
.sea-sand and farmyard manure, or the weeds may be mixed with 
sheep manure and, buried until it is partly decayed. Similarly, 
sea-weed meal and ash also can be prepared, particularly when 
they are required to be transported to the interior regions. 

In India, Chidambaram and Unity in 1947 studied the sea¬ 
weed compost of fish-offal and .shark-liver .sediments (1,5:3:4) 
at Krusaclai Island, South India. The analysis showed that the 
compost had 2.4 per cent nitrogen, 0,7 per cent phosphorus and 
3,5 per cent potash. The Indian sea-weeds Gracilaria, Sargamm 
and Turbinaria have on dry-weight basis 1.48, 1,02 and 0.96 
per cent nitrogen; 0.07, 0,2 and 0,27 per cent phosphorus; and 
0.7, 5.9 and 9.1 per cent potash re.spectively. In 1960, Thivy 
devised a cottage-industry method of preparing sea-weed compost 
at the Central Marine Fisheries Research Station, Mandapam 
Gamp, Tamil Nadu. In this method the sea-weed, Hypnea, is 
placed in 15-cm thick layers with one-and-a-half layers of alter¬ 
nating dry-powered cowdung and the whole mound is sealed with 
clay and .smeared with cowdung. The mound is regularly watered 
to keep the contents moist. The sea-weed compost takes about two 
months to reach chemical stability. 

The field trials conducted with bhindi showed that the yield 
per plant per season treated with Hypnea compost was 73 per cent 
more than in plants treated with cowdung and ash, 'Similarly, 
brinjal, tapioca, Gymopsis, Bolichos, gourds, lime, papaya and 
drumstick also gave good results when manured with sea-weed 
compost. 
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CHAPTER X 

SOIL AMENDMENTS 


The word soil amendment in its restricted sense denotes any sub¬ 
stance which is used to correct the reaction of the soil and make 
it suitable for plant growth. According to the U.S.D.A. Year¬ 
book (1957) material, such as lime, gypsum, saw-dust or synthetic 
soil conditioner, that is worked out into the soil to make it more 
productive is called soil amendment. Broadly speaking, a fertilizer 
is also an amendment, but the term amenclraont is used commonly 
for the added materials other than the fertilizers soil conditioners. 

The soils in humid regions are generally acidic in reaction and 
the practice of liming of such soils to correct the acidity and create 
favourable conditions for plant growth, is as old a.s agriculture itself. 

Just like acidity in humid regions alkalinity is the major prob¬ 
lem of soils in arid zones. For the reclamation of alkaline soils 
gypsum is often used, A number of other amendments are also 
commonly used for correcting the acidity or alkalinity of the soil 
and making it suitable for crop production. 

ACID SOILS AND THEIR AMENDMENTS 

The acid soils have pH below 7, generally 4-7. Their acidity 
increases as the pH decreases. The most important causes of acidity 
in such soils are stated below. 

Causes of acidity. Leaching of bases, like calcium and 
magnesium, due to heavy rainfall and excessive drainage increases 
the concentration of H ioii.s in the soil and causes acidity. 

Removal of bases by plants exceeding the return of bases in 
the form of fertilizers and manures also lowers pFI of soils. 

Continuous application of fertilizers, like ammonium sulphate, 
produces sufficient acidity to lower the pH value of the soils. For 
example, in a continuous fertilizer experiment at Shahjehanpur 
Sugarcane Station, pFI and exhangeable calcium of the soil de¬ 
creased as a result of^ continuous use of ammonium sulphate; and 
at Gurdaspur in a soil with an initial pH of 7.5, continuous use 
of ammonium sulphate lowered the pH to 6.75. 

Accumulation of organic matter clue to jmmid conditions and 
formation of carbon dioxide and other organic acids results in the 
replacement of bases from the soil complex with H ions and then 
makes the soil acidic. 
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Acidic soils! In an acid soil the availability of nutrients, like 
aluminium, jnangane&e and iron, increases with inciTase in acidity, 
thus becoming toxic to plants. The availability of phosphorus also 
increases, but as the pH falls as low as 4, secondary reactions bet. 
ween aluminium, iron and the phosphates occur and the soluble 
phosphate again becomes unavailable to plants. Ihis phenomenon 
is particularly most noticeable in laterite soils. _ . ,, 

Inadeouafe supply of calcium and magnesium in acid soils 
affects growth of plants. In a critical experiment on a low ex¬ 
change capacity soil in North Carolina, Calwell and Brady (1945) 
found a correlation of 0.95 between the exchangeab e calcium and 
ratio of the yield of the control plots to the yield o the limed 
plots for the group of experiments, They also obtained high yield 
when gypsum was applied, which did not affe(,.t the pH but sup- 

plied^calc i availability of molybdenum decrease.^ 

and that of boron, zinc and manganese increase.s as the pH falls. 

Decomposition of organic matter, mineralization of organic 
’ nitrogen, ^tid organic phosphorus deerfiuscs^ us the pll of soil falls. 
Same is the case with nitrogen fixation. ThuSj in acid soils plant 
growth is adversely affected. Mo.st of the crops_ like lucerne, 
clovers and other legumes, do not flourish in acid soils. The yield 
of many other crops, like cotton, wheat and maize, is also adversely 
affected. 

1 Tmmml for add soils-. Liming to reduce acidity of soils is 
a routine practice all the world over. The materials commonly 
used for this purpose are oxides, hydroxides, carbonate, silicates of 
calcium and magnesium, limestone (CaCO;)), dolomite limestone 
CaMg(C 03 ).„ basic slag, marl, chalk, hydrated lime and burnt 
lime. The o'ther materials,'which may be used are pressmud of 
carbonation sugar factories, precipitated lime, a by-product of 
Sindri Fertilizer Factory, and oyster shells, In soils with low 
buffering capacity and low cation exchange capacity, application of 
fertilizers like bone-meal or calcium ammoniunr nitrate also serves 
as an amendment for acidity in addition to their utility as sources 
of nutrients, 

Compounds used for correcting acidity 

Calcium carbomle or limestone: It is finely-ground limestone. 
It reacts with the soil and neutralizes acidity. 

Hydrated lime, burnt lime and dolomite limestone, which 
contains CaMg(C 03 ) 2 , also react in the same way as carbonate of 
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lime. The dolomite limestone besides supplying calcium also supplies 
magMSiura, Some of the high calcium limestones also contain 
significant percentages of magnesium. 

I he quality of ciystalline limestone depends on the degree of 
fineness and the amount of impurities, such as clay, which they 
contain, dhe neutralizing value of commercial limestone usually 
I.S 65-70_ per cent to a little over 100 per cent. The neutralizing 
of chemically pure CaGO^ has been arbitrarily fixed as 100, and 
that of most of the agricultural limes'is only 90-98 per cent be¬ 
cause of impurities. The comparative neutralizing powers of various 
liming materials are given below; 

^uterid Neutralizing value 


CaO 

179 

Ca(OH), 

.. 136 

GaMgfcb,,),, 

.. 109 

CaCO,, 

.. 100 

CaSid, 

86 


With most liming materials the reaction with H ions usually 
re.su!t,s in the formation of either 1-1,0 or fijCO,. Thus, gypsum 
which contaiiLs CaSO^ 2I'LO cannot correct acidity of the soil, as 
it_ will result in the fonnation of sulphuric acid, which is a highly 
dissociated acid. Therefore, activity of H ions would not be re¬ 
duced, as it would tend to be readsorbed. 

Calcium oxide {burnt lime, quick lime or unslakcd lime): It 
is a white powdery substance, manufactured by roasting limestone 
(GaCO;,), when CO^ i.s given off leaving CaO behind. When 
added to soil and thoroughly mixed it reacts. If mixing is not 
thorough it absorbs moisture from the soil and forms a sort of 
protective coating of CaCO,, owing to reaction with GO, of the 
atmosphere. Thus, its reactivity is lowered. " 

Calcium hydroxide{slaked lime, hydrated lime or builders’ lime ): 
It is also a white powdery material, difficult and unpleasant to 
handle. 

Slags: These are by-products of iron industiy, and mostly 
GaSiOj, which act just like CaCO,, as liming material. The most 
common slags are of three types; (f) blast furnace slag, {ii) basic 
slag, and {Hi) electric furnace slag. 
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The blast furnace slag is the by-product of the pig-iron in¬ 
dustry. Its neutralizing value is 75-90 per cent. 

The basic slag is a by-product of steel industry: Its neutra¬ 
lizing value is 60-70 per cent. _ It is used as a phosphalic fertilizer 
rather than as a liming material. Its production in India is in¬ 
creasing) as the steel industry expands, but it is of poor quality 
as a phosphatic fertilizer because of its_low phosphate content; it 
has tremendous potentialities of use as liming material, particulaady 
in the acid soils of the Stateii where the steel factories are located. 

The electric furnaceyslag k the by-product of the phosphorus 
iudu.stry. Being a waste product with a low c:ont(‘nt of pho.sphorus 
(0.9-2.3 per cent PjO^), its use is generally restricted to the 
limited radius of the point of its production. It.s neutralizing value 
varie.s from 65-80 per cent, 

Marl or chalk: This is a loose, friable calcium carbonate, 
which usually contains varying amount,s of clay, organic matter 
and some magnesium carbonate. Its neutralizing power is 30-90 
per cent. As it does not require grinding it can be u.sed in areas 
where grinding machinery is not available. 

By-product liming materials: These include pre,sHmud from 
sugar industry, dust from marble works, silicate slags, .sludges from 
pai'ier mills, waste from gas works, and precipitated lime from 
fertilizer factories. Out of the.se, pressmud and precipitated lime 
require special mention. In the sugar facloriits lime is added to 
the juice and carbon dioxide is passed through it for clarifying; 
the resultant product is called pressmud. It has the following 
compo,sition: , 


Constituents 


Deccan Sugar Hamira Sugar Phagwara 
Factory Factory Factory (Pb.) 
(per cent) (per cent) (per cent) 


Talati (1947)Minhas (1955) Chawala (1960) 


Organic matter 

5.0-5.5 

8.69 

8,77 

Nitrogen (N) 

0.8-1,0 


0,92 

Phosphoric acid (P„Oj) 

2.5-3,0 

1.25 

1.83 

Potash (KjO) 

0.80 

0.80 

0.84 


Lime (GaCO,,) .. 68.0 


62.3 


71.23 


__ .son. AMENDMENTS 

Pressmud lias been found to be an excellent liming material 
because of its friable nature, fine particle size, organic matter and 
nutrient content. It is even preferable to lime. When added on 
the basis of its calcium content, it is as effective an amendment as 
lime in the reclamation of acid soils (Table 58). 

Wood-ash: Wood-ash generally contains 30-40 per cent lime, 
4-6 per cent KjO, considerable amounts of SiOj and small amounts 
of other minerals. Wood-ash from hard woods contain more cal¬ 
cium than those from soft woods. Fre.shly burnt wood-ash con¬ 
tains calcium mainly as CaO but on exposure to moisture is con¬ 
verted in the carbonate form, Goal ash has little liming value and 
benefits ascribed to it are probably the result of improvement in 
the physical condition of the soil, 

Table 58, Efb'ect of lime and pressmud on wheat in an 
ACID SOIL OF PalaMPUR • 


Treatment 

Yield of wheat (in kg) 
per 0.45 hectare 

1958-39 1 1959-60 

Gontrol 

265 

490 

Pressmud 

336 

6,32 

Lime 

304 

640 

Pressmud—NP (40:40) 


955 

Limc --NP (40:40) 

. , 

898 

L.S.D, @ 5 per cent 

35.2 

104.4 


Lime from Sindri Factory: In the manufacture of ammonium 
sulphate at Sindri by the treatment of ammonia with gypsum and 
carbon dioxide, calcium carbonate is fonned as a by-product. It 
has the composition given at page 258. 

Being a precipitated product it does not require further grind¬ 
ing. Because of the presence of about 1.6 per cent ammonium 
sulphate its use as liming material is very desirable, It ha.s tre¬ 
mendous potentialities in acid soils of Bihar and other adjoining 
areas. 
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Constituents 

Percentage 

Calcium carbonate 

.. 80.05 

Calcium sulphate 

.. 2.35 

Ammonium sulphate ,. 

2.60 

Silica ., 

9.50 

Mixed oxides 

.. 0.82 

Magnesium o.xides 

2,92 


LIME 



The effectiveness of lime depends upon a number of factors 
the most important of which are discussed below, 

Fineness of limestone. The speed with which liming sub- 
stance rea^s with soil depends upon the fineness of the material. 
CaU, tja((Jn )2 and pressmud, which are powdery by nature, are 
very effective, whereas in crystalline limestone and slags the effec¬ 
tiveness depends upon the degree of fineness. The finer the mate- 
rid the more effect it k Witt tanett the cm 
due to _ grinding. The materials requiring minimum grinding and 
containing sufficient fine particles to affect desired pH change are 
preferable, > & ■ ^ 

The limestones _ used in farming contain both fine and coarse 
materials, for obtaining a fairly good distribution of both the coarse 
thi U S,A most of the State Laws require 

on on through 8--l:'0 mesh and 

20 80 per cent from 8-100-mesh sieves. In Ohio (U.SA) the 
following efficiency ratings for limestones of various degra' of 
fineness have been worked out: ® 


Nature of the material Efficiency 

rating ' 

Material passing through 60-100-mesh sieve .. ... 100 

Material passing through 20-60.mesh sieve .. ,. 60 

Material passing through 8 - 10 -mesh sieve .. ,, 20 

For calculating the effectiveness of the limestone the percent-. 
age of the particles of various sizes is detennined by sieving and 
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comparative efficiency is calculated by using the above efficiency 
ratings, lor imslance, a lime material containing 40 per cent 
particles of 60-mesli size, 40 per cent particles of 20-60-mesh size 
and 20 per cent particles of 9-20.me.sh size will have an efficiency 
rating of 68. ^ 

^ It is only proper to use the lime material which cost least per 
unit ot neutralizing value. 

. Application method. Since the object of liming is to replace 
H ions with Ca ions and to neutralize acidity, an intimate con¬ 
tact between the liming material and the soil complex would in- 
■ crca.se its effectivtmtss. For most crops, particularly legumes, lime 
should be applied 3-6 months before the time of sowing of the 
crop so that lime may rea.ct with the soil This is very important 

1“ ° ^ Generally, it should not be applied 

latm than one month before siiwmg a crop. The caustic fomis 
of hrne, such as slaked lime Ca(OH)j and quick lime (CaO), 
though quickly effective should be applied some time before sow¬ 
ing the crop in order to avoid their harming the germinating plants 
by their caustic nature. Application of lime and its ploughing 
immediately after harvesting the crop is a sound practice, as 5 
allows .some tunc for the lime to react with the soil. 

Frequency: Frequent light applications are preferable in .sandy 
soils, while in case of heavy soils larger application may be made 
at one time, The finely divided material' should be applied in 
. light doses. It reacts rapidly and gets lost quickly but the coarse 
matenal because of its slow action has a more lasting effect. 

I lace in rotation: Generally, best results are obtained if lime 
1 .S applied wiffi or ahead of the - crop. The other important 
factors determining the effcctivene,ss of lime are the nature of 
the crop and length of its rotation. 

Beneficial effects on the soil. The beneficial effects of lime 
on the soil are chemical, physical and biological, 

C hemteak I Whim an acid soil (say with a pH of 4.5) is limed 
to a more suitable pH (say 6,5), the following changes occur: 

1. The concentration of H ions decreases because of the 
hydroxyl ions (OH) increases. 

2. The availability of phosphates increases because of the 
Tecluctioii ill solubility of Al, Fe and Mn, However^ if 
liming IS done beyond. pH 7, it is possible that availability 
of phosphorus may decrease again, because of the forma- 
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tion of more insoluble compounds of calcium and magne- 

■ sium. 

3, The solubility of aluminium, iron and manganese de¬ 
creases and their toxicity is removed, 

4. The amount of exchangeable Ca and Mg increases and 
the deficiency of these elements is met with. The striking 
effect of lime in many acid soils is not due to the increased 
availability of Ca and Mg, but due to the indirect effects 
on the availability of other nutrients. However, for cer¬ 
tain crops, like legume.s, lime i,s a source of plant nutrients 

/ like calcium and magnesium. 

5. The effect of lime on the availability of potassium is quite 
complicated, because this may increase or decrease depend¬ 
ing upon a number _ of other factors. Generally, calcium 
by replacing pota.ssium from exchange complex should 
make more potassium available to plants, but it may also 
happen that by stimulating the growth of soil micro-orga- 
ni.sms it may temporarily immobilize potassium. More¬ 
over, the antagonism between K and Ca is also well 
known, If the soil is overlimed the availability of potas¬ 
sium may decrease. 

6, Availability of micro-nutrients, particularly of molybdenum, 
increases with lime, while that of zinc, manganese and 
iron will be in the optimum range when pH of the .soil 
is adjusted to 6.5 or 7;0. 

Biological effects-. Liming affects the microbiological popula¬ 
tion of the soil and effects nitrification and nitrogen Nation pro- 
^foiindly. Since most of the organisms responsible for the conver¬ 
sion of ammonia to nitrate require large amounts of active calcium, 
liming of a soil to pH 6,0 or 6.5 is more favourable for the activity 
of nitrate-forming bacteria and stimulating proper mineralization 
of organic matter, thus eliminating toxic substances. 

Liming also favours symbiotic and non-symbiotic nitrogen fixa¬ 
tion. The growth of legumes is encouraged and they fix more 
nitrogen, ^ The growth of non-symbiotic nitrogen-fixing organisms 
is also stimulated; this results in more fixation of nitrogen. 

Physical condition of the soil: Liming improves the structure 
of soils, In case of heavy soils of low pH, its application besides 
affecting the availability of nutrients and creating favourable con¬ 
ditions for growth of beneficial micro-organisms, also results in 
better structure of the soil and less erosion. 
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Effect of overliming. If the soil is overlimed or pH raised 
beyond 7 the lime can be harmful instead of being beneficial, The 
detrimental effects may be due to one of the following causes: 

(fl) deficiency of available iron, manganese, copper and zinc; 
[b] reduction in availability of pho,sphate as more insoluble 
type of Ca and Mg phosphates are fonned; 

(ff) disturbance in ^uptake and utilization of boron because 
of the antagonisms between calcium and boron; and 
(d) reduction in availability of potash. 

The sandy soils with low cation exchange capacity are more 
susceptible to hann than the heavy soils. Similarly, soils with 

kaolinitc type of clay minerals may do more hann than those with 

1:2 type of clay minerals. Highly organic soils are less likely to 
suffer from overliming than the mineral soils. 

Lime requirements of soils. The most common index of 
lime needs of a soil is its pH, but it determines only the active 
acidity or the hydrolysable H ion concentration in the soil. The 

soil being a buffered medium has considerable amount of reserve 

or potential acidity or H ions, which will dissociate as soon as the 
active H ions ue neutralized by liming. Thus, a method which 
takes into consideration both the active and potential acidity of 
the soil is more useful than any other. Since the potential acidity 
of a soil depends upon its cation exchange capacity and buffering, 
these factors also deserve consideration. As the pH value alone 
is not a criterion of the amount of lime to be added to a soil, the 
indiscriminate use of pH test kits by persons unfamiliar with the 
principles of soil chemistry is dangerous. However, the pH values 
of soils, which have been properly classified and their lime require¬ 
ment determined accurately in the laboratory, can be used as an 
index of its lime requirements provided the organic matter content 
and texture of the soil are also taken into consideration, 

Ihe pH of a soil water .suspension is usually determined by a 
pW-meter using glass electrode. Certain dyes or indicator solutions 
can also be used for this purpose. 

Other methods make use of the exchange acidity. The soil 
•sample is allowed to react with buffer solution, specially formulated 
to react with soil acidity, The amount of acid released from this 
buffer solution con be mea.sured and expre,ssed as an amount of 
lime needed. Ihis method, proposed by C. M. Woodmff of the 
thruTl ° soil-testing laboratories of 
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Another method, quite accurate and reliable, is based on titra¬ 
tion curves of the soil with ■Ga(OH) 2 . Here 10 g of soil 
sample are taken in a number of beakers and to every beaker a 
given amount of Ca(OH )2 or HGl solution is added, Water is 
also added to equalize the volume of liquid in all beakers, The 
samples are allowed to come to equilibrium. The pH determina¬ 
tions are made and the amount of Ca(OH)„ or HGl added, and 
the pH obtained are plotted on a graph. From the curve thus 
obtained the lime requirement of the soil for raising its pH up to 
6,5 is calculated. 

In Puri’s Method (1949) the soil is treated with excess of 
calcium carbonate and the total amount of Ga extractable with 
potassium oxalate, carbonate, acetate solution is determined before 
and after treatment with CaGO,, The difTenmce in the exchange¬ 
able calcium originally present and after shaking with GaCO„ is a 
measure of the lime requirement of the soil. 

Kanwar and Bliumbla (1959) ,suggested a ready reckoner for 
determining the lime requirements of acid .soils of the Punjab. 

Allawuy (1957) suggested the following .approximate rates of 
ground limestone to correct acidity of the surface 17,5 cm of the 
soil in the .soil in the U.S.A.: 



Soil region and texture type Limestone requirements 


(kglha) 


Soils of warm, temperate and 

From pH From pH 

From pFI 

tropical regions' 

3..5-4.5 4.5-5.5 

5.5-6.5 

Sand and loamy sand .. 

753 753 

1,004 

Sandy loam 

1,255 

1,757 

Loam 

2,oaii 

2,510 

Silt loam .. 

3,012 

3,514 

Clay loam 

.. 3,765 

5,020 

Muck .. 

6,270 3,283 

9,538 


The rates suggested for soils of cool temperate region are 
higher, 
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Effect of lime on the yield of crops, Liming has more in¬ 
direct benefits than direct. Beside,s supplying calcium and magne¬ 
sium and increasing the pH, it also increases the availability of 
many ^ nutrients, and thus increases crop yields indirectly. The 
following extracts indicate the response to liming in acid soils of 
different parts of India.* 

Assfwi: The old alluvial soils with high acidity are generally 
unsuitable for the rabi crops, such a.s mustard and pulses. An 
application _of liJ q of lime per liectare corrects soil acidity and 
results in high yield of rabi crops and potatoes, 

Tamil Nadw. Liming seeim to be essential in West Coast 
area and in the Nilgiris tract for pepper, potatoes and sanai, 

Bihar-. Liming has given veiy encouraging results in maize, 
wheat, gram, soybean and groundnut in acid soils of Ranchi 
(Mandal, 1960, personal coimnunication) as .shown below: 


Average yield (kg10,45 hectare; exi’t.s. carried eoii 
FOUR years) 


T reatment 

Mate 

Wheat 

Gram 

Soybean Groundnut 

Control 

270 

253 

72 

64 250 

Limo 

455 

,318 

170 

' 345 557. 

NPK 

570 

416 

174 

136 295 

NPK lime . 

825 

580 

408 

547 636 


It is apparent that liming not only increased the yield in 
non-fertilizer treatments but also increased the efficiency of ferti¬ 
lizers particularly in legumes: gram, .soybean, groundnut, etc. 
Beneficial effect of liming has also been observed in jowar, mung, 
arhar, mahua, cotton, peas, barley, masur, linseed and mustard. 
However, liming did not produce any appreciable effect on paddy 
(Mandal et al,, 1955). 

Orissa: Continuous application of lime for ten yeans at the 
Rice Research Institute, Cuttack (Anon., 1959), did not affect the 
yield of paddy and soil reaction in any manner, nor was there any 
difference in the exchangeable bases in the limed and unlimed soil. 


^Sufficient data about the effect of liming on Indian^ soils are 
not avtiilable. , ■ ; 
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Punjab : Effect,of liming and fertilizer application on the yield 
of various crops in an acid soil of Palampur is tabulated below: 


Treatment 

Wheat 
(3 years) 

1 Maize 
j (3 yeans) 

Potatoes 
(3 yeans) 

Paddy 
(3 years) 

1 

No lime 

Yield in kg per 0.45 hectare 





Control 

290 

894 

3,510 

744 

N .. .. 

422 

1,259 

6,256 

972 

NP .. .. 

717 

1,556 

4,875 

1,209 

NK 

506 

1,338 

6,802 

1,050 

PK 

543 

1,304 

5,634 

965 

NPK 

820 

1,685 

9,752 

1,294 

With lime 





Control 

336 

946 

3,697 

807 

.N ' .. .. 

463 

1,318 

6,182 

1,029 

NP .. .. 

754 

1,631 

8,835 

1,293 

NK 

5-44 

1,366 

6,948 

1,123 

PK 

618 

1,340 

5,063 , 

1,052 

NPK .. .. 

062 

1,776 

10,026 

1,392 

Mean yield with no 





lime 

549.7 

1,339.3 

6.138.2 

1,039 

Mean yield with lime 

596.0 

1,396.0 

6,925,2 

1,116.0 

Doses (kg per 0.45 ha) 





N 

40 

50 

100 

25 

P„0, .. .. 

40 

50 

100 

50 

K.,0 .. .. 

40 

100 

200 

50 


The experiments conducted during 1958-60 under the Hill 
Soil Scheme on Cultivators’ Fields in Palampur area (Kangra) 
revealed that unfertilized soil showed quite a high response to 
liming in wheat, maize and potato, but in the presence of fertilizers 
the margin of differences narrowed down. On the whole there 
were higher yields in limed plots than in the unlimed ones. The 
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in combination 

wnh phosphate. This shows that this soil is more responsive to 
phosphate than to mtrogen. In paddy there is perhaps no signi¬ 
ficant effect of himng, though it may increase the yield over no 
liming treatment. Liming in soils of Kulu (pH above 6.0) affects 
most of the crops insignificantly. 

Wcst_ Bengal: In Chinsurah, Suri and Behrampur State Agri- 
cul ural farms, limmg did not appreciably increase the yield of 
paddy though the treatment with ammonium sulphate was highly 
beneficial (Mukerjee, 1960, personal communication Table 59). 

Similar results have been reported from Burdwan and Cooch 
Behar Experunental Stations. 

Mysore: Liming at the rate of 2.486-4,972 kgiha produced 
a marked mcreiisem the yield o paddy at Shimoga and Ponnampet 
(Anon., 1959), the increase being 460-920 kgiha for one ton of 

Shinioga 2^030 kg of lime at 

AMENDMENTS FOR AJ.KA£LI SOILS 

LVt from_ high salt concentration and 

high pll. The predominant cation in the exchange complex is 
sodium and likewise the wluble salts are mostly of sodium. The 
reclanmtion of .such soils aims at: (a) the replacement of exchange- 
abe Na wuh Ca, (i) remove of excess of soluble salts, and 
(c) restoration^ of the fertility of the soil. 

The chemical soil mendments which are commonly used for 
reclamation may be divided into; ’ 

H) soluble calcium salts, calcium chloride and gypsum. 

(ii) acid-fonnmg amendments, viz., sulphuric acid, aluminium 
sulphate, iron sulphate and mola,ssesj and 
(lii) calcium _salts of low solubility, pressmud of carbonation 
or siilphitation sugar factories and lime of fertilizer fac¬ 
tories. 

, ■ ’^^nj'ches in India have shown that u.se can be made 
of aciifffymg fertihzere like ammonium sulphate, ammonium chlo 
Bhumbla, 1959) and hydrogen-saturated coal 
so^s ’ communication) in the reclamation of such 

"lost common amendment used in 
reclamation of alkali soils. It is a white mineral, occurring exten- 
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sively' in natural deposits. Usually, it is ground before applying 
to the soil It influences the phy.sical conditions of the sods. It 
reacts with the alkali .soils, replacing .sodium with calcium ions, 
which have favourable effect on soil structure, permeability to air 
and water, and ultimately on plant growth. 

Table 59. Mean yield ok paddy (kg per 0.45 hectare) 


Treatments 

0 

N in kg 0.45 ha) 

20 j 

1 

40 

Average 
for lime 

Chinsurah Pam 
(1946-59) 

[J ewt lime hectare .. 

4 cwt lime hectare . . 

8 cwt lime hectare'.. 

836 

855 

907 

98 

98 

99 

i 

1 

2 1 1 
2 ! 1 
7 1 1 

,071 

,053 

,090 

962.94 

966,67 

996,54 

/ 

Mean .. 

866 

98 

7 11 

,071 

974.72 

Suri Pam (1948-58) 

0 

30 

60 

90 

Average 
for lime 

0 cwt lime hectare .. 

4 cwt lime hectare .. 

8 cwt lime hectare .. 

747 

914 

925 

1,093 

1,047 

1,023 

1,176 

982 

1,072 

1,028 

1,104 

1,026 

1,011.11 

1,011.48 

1,011.11 

Mean .. 

862 

1,054 

1,076 

1,053 

1,011.23 

Behrmpur Pam 
(1949-59) 

0 

30 

60 

■ 

90 

Average 
for lime 

0 cwt lime hectare .. 

4 cwt lime hectare .. 

8 cwt lime hectare .. 

272 

222 

229 

488 

485 

458 

567 

586 

520 

516 

569 

580 

460.94 

465.79 

446.76 

Mean .. 

241 

All 

558 

555 

45-7.83 


SOIL AMENDMENT.S 




Any sodium carbonate in the soil reacts with gypsum and is 
changed into calcium carbonate if sufficient water is applied to 
leach down the' sodium sulphate formed as a by-product. In .soils 
having soluble salts in the form of sulphates it may be necessary 
to leach out the greater part oif the sulphate; otherwise the solu¬ 
bility of gypsum will be too low to effect satisfactory replacement 
of exchangeable sodium with calcium. 

The rate of reaction of gypsmn is limited by its solubility in 
water which is about 0.25 per cent, Under field conditions, 37 
to 49 cu-m of yvater is required to dissolve four to five tonnes 
of high-grade agricultural gypsum. 

Since gypsum is only moderately soluble in water a consider¬ 
able quantity of irrigation water is required for its full effect. In 
many alkali soils there is quite a high percentage of exchangeable 
sodium in the subsoil. In order to replace exchangeable sodium 
from deep layer, gypsum or other substances applied to the surface 
must be leached down, Moreover, the effectivene .53 of the replace¬ 
ment of sodium with calcium will also depend on the nature and 
amount of .soluble salts in the deeper layers of the soil. 

The selection of an amendment -is governed by considerations 
of cost and the time required for its reaction in the soil, Gypsum 
and sulphur are more often used for the reclamation of alkali soils 
than sulphuric acid, aluminium or iron sulphates or calcium chlo¬ 
ride. In India, due to shortage of sulphur and acute demand for 
it in indirstry,'the only suitable and cheap material available for 
reclamation purposes is gypsum, rich deposits of which are found 
in Bikaner and Jodhpur (Rajasthan). It also occurs in sufficient 
quantities in Tamil Nadu, Kutch and Himachal Pradesh. Good 
grade of gypsum is used for the manufacture of ammonium sulphate 
at Sindri. The lower grade, which contains 60-70 per cent 
CaSO^, is used as an agricultural amendment. The Indian Rail¬ 
ways allow g, concession in freight of gypsum meant for reclama¬ 
tion purposes. 

Work done on Dyp.5UM in India: In the Punjab, Singh and 
Nijhawan (1943) found that the deficiency of exchangeable calcium 
in alkali soils can be made good by the application of gypsum. In 
U.P., Yadav and Agarwal (1959) observed that gypsum invariably 
brought about better removal of all the ions than the treatment 
without gypsum, Its action was attributed to the improvement in 
the hydraulic conductivity of the soil. Islur (1941) concluded that 
in the reclamation of alkali soils gypsum is the only popular chemi¬ 
cal throughout the world. The maximum dose of gypsum used in 
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Deccan is 7,530 kg|ha. Talate (194'1, 1947), in Bombay, observed 
that gypsum and sulphur in combination with farmyard manure have 
proved the best amendments for alkali soils, and that gypsum, when 
applied at the rate of 4,972 to 7,530 kg|ha, significantly increased 
yield of crops in alkali soils of Deccan. 

Application of gypsum as a soil amendment is very essential for 
soils with high pH in the Punjab, particularly where water-table is 
high, 

Effects of gypsum and some soil amendments on the yield of 
paddy and changes in soil pH of saline-alkali soil at Kamma are 
tabulated on page 268. 

It is apparent that pressmud and gypsum have both effectively 
increased the yield of paddy and also lowered the pH, Fertilizers 
either alone or in combination with the amendments produced best 
effects. Though farmyard manure gave good results, its application 
is not as economical as that of fertilizers alone. 

In another experiment, conducted on a saline-alkali soil of 
Kamma, gypsum at the rate of 13.45 tonnesjha was added to one- 
half of each plot in 1958-59 and its effects on the yield of various 
crops were studied. During 1959-60 only the residual effect of 
gypsum treatment was studied. A marked direct and residual effect 
of gypsum was observed on all the crops, though wheat, barely, 
cotton and Sudan grass showed more pronounced effect, as shown 
in Table 60. 

Effect of degree of saturation with gypsum has been studied 
on a soil with pH 9.5-10,0 at Kamraa. The gypsum was applied 
only during the first year before transplanting paddy. Its residual 
effect was studied. Jhe effect of degree of saturation with gypsum 
on the yield (kg|0.45 hectare) of paddy and bajely grains at Kamma 
IS given m Table 61, 

_ It was observed that yield increased with the degree of satura- 
rion with OTsum, A similar experiment was conducted in pots on 
Kamma soil, which was treated with Na^COg so as to make it more 
aJkaline, Ihe soil wm treated with gypsum, pressmud, gypsum+NPK 
and pressmud + NPK at different levels, i.e,, 0, 10, 15, 30, 50, 70 
and 100 pr cent of the gypsum requirements of the soil. Wheat was 
sown eight months after the application of gypsum or pressmud. 
After wheat residual effect was studied on paddy, ^ 

The best effect was produced by the addition of gypsum or 
pressmud at 30 per cat of the gypsum requirement of the soil 
and addition of NPK further enhanced this effect many times. 
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I 

Table 60. Direct and residual effect of gypsum on . ' 

DIFFERENT CROPS (kg|0.45 hectare) k 


Crop 

1958-59 

1959-60 1 

• i 

Without 

gypsum 

With 

gypsum 

(direct 

effect) 

Without 

gypsum 

1 

With 

gypsum ' 
(residual 
effect) 

Paddy . • ■ • 

7,39.3 

883.3 

9,55.9 

853.1 

Faddy ahcr dhuincha 

■ '470.7 

458.6 

798,6 

617.1 

Cotton .. 

2.4 

15.7 

110.1 

198.4 ! 

Sudan grass 

1,316.6 

1,972.3 

3.509.0 

6,473.5 1 

Wheat .. 

4'63,4 

500.9 

255.3 

452.5 1 

Barley . • • • 

412.6 

78.5.3 

220.2 

396.8 i 

Sugar-beet 

6,088.7 

7,989.6 

4,913.7 

5,017.2 . J 

Taramira .. 

101.6 

211.7 

41.1 

93.2 i 

Senji (grain) 

428.3 

,582.0 

222.6 

556.6 i 

Table 61. Effect of degree oi 

' SATUR.ATION "with GYFSUM ON j 


THE YIELD (kg|0.45 hectare) OF paddy and barley f" 



Paddy 

Barley 

Treatment 

1958-59 

1959-60 

1958-59 

. 

1959-60 

■ ■ 

Control 

50 % G.R. 

125' 

512 

102 

130 

75 % G.R. 

280 

612 

36 

136 

75 % G.R. 

414 

772 ' 

317 

197 

85 % G.R. . . 

263 

656 

288 

184 

100 % G,R. .. 

347 

732 

318 

. 181 . 
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'■ It was seen that when gypsum was applied at various levels 
in the soil there^ was a fall in pH; the maximuiii reduction was 
effected by the highest level of gypsum. But it may not be econo¬ 
mical to use such a high dose. The lower dose, applied at 30 
per cent of the gypsum requirement, seems to be the most econo¬ 
mical. . ^ 

In field experiments on saline-alkali soils at Basi Farm in 
Rajasthan, Mehta observed that annual application of gypsum at 
10 tonnes per hectare and 25 tonnes of FYM in May and June 
along with 9 kg nitrogen and 13.6 kg Ppg per 0.45 ha produced, 
on an average in three years, 220 kg of wheat grain as against 
653 kg in control plots. 

Agarwal (1957) obseived that application of gypsum at the 
rate of 7,458-12,430 kg|ha increa.sed the yield of paddy in an. 
alkali soil in U.P. by 1.97 per cent over the control, Gypsum 
when applied with dhuincha (green manuring) gave 275 per cent 
over the control. 

Pressmud’. Its total quantity available in India has not been 
estimated, but because of the large number of sugar factories in 
the country it must be available in fairly large quantities. Its effec¬ 
tiveness in saline-alkali soils seems to be due to the small size of 
CaCOj particles which can come in direct and intimate contact 
with the soil, react with the exchange complex and replace sodium 
with calcium. Pressmud compares favourably with gypsum, though 
the speed of reaction is slow. In an experiment 20 g of soil 
were mixed with 0.16 g of gypsum or pressmud each separately 
and 50 and 100 ml of water was used for the .suspension. The 
suspensions in duplicate were incubated for 1,10, 15, 30 and 60 
days and the changes in pH and percentage of Ca retained in the 
soil from gypsum and pres.smud were studied. Gypsum was far 
more reactive than pressmud but in the presence of a growing 
crop the pres.sraud became equally effective. 

Sulphur: Elemental sulphur, where locally available at a low 
cost, may be u.sed successfully in the recliunation of saline-alkali 
soils containing lime (CaCOjj). In the laboratory when incorporated 
in the soil in the form of fine powder, it is oxidised to sulphuric 
acid within two to three weeks (McGeorge and Green, 1935). 
Theoretically speaking one ton of sulphur is as effective as 4,460 kg 
of gypsum. Therefore, if the cost permits it should be used for 
reclamation of alkali soils containing reserves of calcium carbonate. 
However, its high cost does not permit its extensive use in India. 
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Sulphuric Acid-. When applied directly to the soil contain¬ 
ing CaCOg through irrigation water sulphuric acid reacts imme¬ 
diately with the soil and produces quick results. But because of 
its cost and difliculties in handling it is seldom used, Where high 
alkalinity and presence of hard pan of CaCOj near the surface 
prevents growing anything, commercial sulphuric acid may be used. 
It will react with GaCOg and change it to calcium sulphate and 
break the hard pan. The CaSO^ thus formed will also react with 
the soil complex and replace sodium with calcium ions. 

Aluminium Sulphate and Iron Sulphate-. These salts are 
acid formers, hydrolyse in water and form sulphuric acid which 
react,s with the soil. Because of the high cost their use as soil 
amendments has not become popular. 

SOIL AMENDMENTS IN SALINE-ALKALI SOILS 

Since .selection of an amendment for the reclamation of saline- 
alkali soils depends upon the njiture of the soil, its cheapness and 
availability, its effectivenras c:an_ be increased if the material is 
thoroughly incorporated in the soil. Amendments, such as gypsum, 
pressinud and sulphur, are broadcast as powders on the field, and 
later ploughed in. In .some cases leaching of the salts becomes 
essential before the application so that the soluble calcium in the 
amendment may react more and more with the exchange complex 
of the' soil and replace sodium. Leaching is more essential in 
soils with predominant soluble sulphates. Because of the common 
ion effect the solubility of gypsum will dncrea.se in such soils. How¬ 
ever, the advantage gained through increased efficiency in exchange¬ 
able sodium replacement by leaching prior to the application of 
amendments may bo more than offset by the decrease in soil per¬ 
meability that usually accompanies leaching. Therefore, whether 
an amendment should be applied before or after the removal of 
soluble salts, will depend upon the penneability relationships, Since 
permeability is very low in saline-alkali soils leaching is done 
immediately after the addition of an amendment, except in certain 
cases where the predominant salts are sulphates, or sulphur is 
used as an amendment. Leaching dissolves and carries the sodium 
amendment downwards;, it also removes the soluble salts that fqrm 
as a result of cation exchange. Soils receiving sulphur ordinarily 
should not be leached until sufficient time has been allowed for 
most of the sulphur to be oxidised to form gypsum. The soil should 

272 


SOIL AMENDMENTS 


be_ kept moist as moisture is essential to the process of microbial 
oxidation, It is sometimes convenient to apply water-soluble 
amendments in the irrigation water. A simple method of applyine 
gypsum in irrigation water consists of placing a bag of the lend 
ment with the side slit open m the irrigation ditch preferably at a 
place where the water has sufficient turbulence. 


GYPSUM REQUIREMENTS OF SOILS 


In the reclamation, of a soil it is not necessary to replace all 
the exchangeable sodium with calcium, rather, it is desirable to 
reduce the percentage of sodium to such a level that the soil 
.structure is improved and plants are able to get a foothold. Wayynne 
and associates emphasized that instead of basing the calculation 
on the complete removal of sodium, it is often desirable to reduce 
the sodium to 10 per cent of the exchange capacity to pemiiJ sal 
facto^ crop powtli. The natural processes, such as root activity 
irrigation and leaching can complete the removal of sodium, but 
most field situations do not result in quantitative exchange of 
.odium with calcium from the amendment. Some tests indicatp 

at be allowed over and 

above the calculated amount of amendment required for lowering 
the exchangeable sodium to the desired level. In the U S A^ 

percentage of soil exceeds 25,’ 90' 
pp cent or more of the calcium supplied by the amendment re- 
pknees exchangeable spium as the soil is leached. The percentage 
f added calcium, that replaces exchangeable sodium does not 

com°e?lert£ria sodium percentage be- 

nf propose rapid methods for the determination 

; gfpfS those of Schoono^r 

0952), Pun (1949) and Shewarbi (1954) need special mentZ 
In Schoonover’s Method a representative soil sample is shaken with 
a saturated solution of gypsum, and the change in the concentration 
Sypsum requirement of the soil, oS 
™ ppsiim per 100 g of soil corresponds to 1,747 kg 
of gypsum per cubic-metre of soil. ° 

Puri MQSfl-SOl _j _ . ... 


(1958-59) observed a serious lack of agreement in tLe 

nf n onl ° A determining the gypsum requirement 

of a oil, A comparison of those methods was also made in fhe 
Punjab on representative samples of saline-alkali soils taken from 
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Karnal, Amritsar, Hissar, Rohtak, Gurgaon, Gunlaspur and Ferozc 
Dur The values of gypsum requirements by Shewarbis methods 
were very high, but there were no signifte.ant differences between 
PurFs Methods and those of Schoonover. From the practical point 
of view it is not necessary to use such high amounts of gypsum, 
as indicated by these methods. The field and pot experiments 
conducted in the Punjab .show that application of gypsum at. 30 
ner cent of gypsum requirement based on Schoonovers Methocl is 
the most economical and the optimum dose of amendment. For 
most of the saline-alkali soils of the State the most economical dose 
of gypsum seems to be 7,530 kg of gypsum per hectare. ^ 

It needs hardly be ovcr-emphtt.siz;ed that the application of an 
amendment is not a substitute for good soil and water management 
practices. It may be largely ineffective unless the soil is periodi¬ 
cally leached and unless the ground water remains at a sufficient 
depth to present appreciable water and salt movement. If the 
irrigation water contains a high proportion of sodium and continu¬ 
ally adds absorbed sodium to the soil, periodic application of 
amendments will be needed. 
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MANURING OF CHOPS 

Manuring of Horticultural Crops 

In considering manurial problems of fruits, attention should be 
drawn to the special requirements of the different fruit plants for 
mineral nutrients, other than nitrogen, phosphorus and potassium, 
and the special relationship that exists betireen manurial require¬ 
ments on the one hand and cultural systems and other practices, 
such _ as pruning, on the other. The reaction of elements in the 
soil in relation to tree performance is also veiy important. Iron 
and mangEine,se deficiency has been reported to be common in soils 
which contain much lime or are alkaline, boron to be more valuable 
ill acid soils than in alkaline soils and zinc deficiency to be in¬ 
creased by phosphate concentrations. In slightly alkaline soils, 
zinc is precipitated and is held out of the soil .solution, becoming 
useless to the plants. Ample organic matter in the soil may change 
the insoluble phosphate to_ a form available to the plants and may 
also react similarly with iron. 

In general, vegetables which require intensive cultivation need 
larger amount of mineral nutrients as compared to the agronomical 
crops. Cauliflower, cabbage and kno-kho are gro.ss feeders and 
would greatly benefit from frequent application of nitrogenous fer¬ 
tilizers. Onion, when fed on nitrogen, yields Itirge-sized bulbs, 
but of soft texture which would not keep well in storage. Pea 
responds well to a small amount of phosphorus. 

Application of niamii'cs and fertilizers 

Fruits: _Cattlc manures and stubble of green manures should 
be ploughed in and incorporated well in the .^oil, and this must be' 
immediately followed by irrigation. In order to decompose this 
organic matter more of irrigation and tillage operation may be 
necessary. If other manures and fertilizers are to be applied, they 
should be penly broadcast and mixed well with the .soil by irriga¬ 
tion and light surface working of the soil. 

At the time of planting only well-rotted manure should be 
applied in the pits as otherwise it may cause injuiy to the roots of 
the plant. ^ Adequate manuring should be given when the tree is 
well established. In case of poor soils, manuring should be don^ 
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five- to six weeks before planting. It is better to apply manures 
once a year when the growth is least active or before the blossom¬ 
ing season or before the main growing season of the year sets m. 
In case of sandy or open soils, where leaching off ot the food, 
materi^ is of common occurence, manures should be applied twice 
a year. Manures and fertilizers should be applied in the basin 
around the tree, where the feeding roots are largely concentrated. 
But when the trees are fully grown application should be from 
trunk to trunk, leaving a small space of 30 or 61 cm around the 
trunk unmanured. , , , 

Vegetables-, The proper time to apply manure depends on the 
kind of manure, stage of its decompo.sitiou, crops to bo grown and 
rotations to be followed. When cow-dung manure is used it should 
be ploughed under as far in advance of planting a,s convenient. 
When vegetables are grown in rotation with general farm crops, it 
is desirable to apply the manure to the vegetable crop or to the 
crop preceding. Fertilizers for vegetable crops are applied before 
or at the time of planting. Under most conditions it is best to 
apply the fertilizer a few days prior to planting. Experiments have 
shown as good or better results from a .single application as from 
two or more when the same quantity of material i.s used. More¬ 
over, the cost of two applications i.s more than that of one. 

Usually the manure is broadcast before sowing. Well-rotted 
manure may be applied to ploughed land and mixed with the 
surface by harrowing. Manure is ,soinetirne.s applied in the furrows 
as in melons and other cucurbits, This is advantageous where the 
quantity of manure is limited, as it results in greater concentrations 
in the region of the first formed roots. When the temperature i.s 
slightly lower as in February and March in northern India, this 
method gives better re.9ults, as it produces heat in the soil due to 
fermentation of the fresh manure,^ and this heat liastens the gemii- 
nation and growth of the cucurbits, 

FRUITS 

Mango. The fertilizer need.? of mango are different _at various 
stages of its growth. Before the .sapling is planted in its perma¬ 
nent place the pits should be filled with a mixture of 45.3 kg of 
well-rotted farmyard manure, 2.2 kg of bone-meal and 4.5 kg of 
wood-ash (with some top-soil). Allan (1935) .suggested that the 
soil which is to fill the lower 60 cm of the pit be mixed with 13.6- 
18.1 kg of manure, while to the upper 30 cm 4.5 kg of manure, 
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neem-ctih should be added, 
Naik (1949) recommended a do,se of 4. 5-5. 4 kg of well-rotted 
raa'iure per pit. In western India, Cheema et al. 
(Uj4) fidvoca ed a mixture cemsistmg of 11,3 kg of fannyard 
manure, 0.67 kg bone-meal mid 1.12 kg of wood ash, GaJdhi 
(195j reported that in the diy zone of North India, subject to 
fear of white ants during summer, farmyard manure in the manure 
mixtiiro should be rcplcuced with 2.2 kg of neem- or mahua-cah, 

For rao,5t parts of India,_ Gandhi (1955) recommended an 
annual general .surface manuring of the orchard with fannyard 
imimire at the rate of 21 cartloads per hectare at the commencement 
of the inonsoon, Besidc,s, every individual tree of 10-20 yearn’ 
age should be manured with a mixture of 45.3 kg of fannyard 
manure 6.8 kg o bonemeal and 13.6 kg of wood-ash. Tees 

ufk Vioa of “ fT ’f proportionately larger amounts. 

Naik (1949) suggested that in South Indi.a, during the first three 
to four years of orchard life, two to five baskets of well-rotted 
cattl. manure or 0.9 kg of groundnut-cake with or without 0,9 kg 
firn Tcf'n V'western India an applica- 
T one-year-old, m- 

cre.ascd by 4,j kg per tree annually until the dose reaches 45.3 kg 

?rt!io'r tf ofT bone-meal is also added 

at t *p^ rate of 4.J kg per tree when one-year-o d, and increased 
by 0.4.5 kg per annum up to 6.8 kg per tree, B^idc this wood' 

im. Tu 0'9 kg per tree per annum up to 13.6 kg per 
tree. The recommendations by Roy et al. (1951), as a result of 

ga 0 69 Ig N, 0,16 kg P,0, »d 0.67 kg K,0 m tht fom, „£ 
yy./ bg of farmyard manure, 1.8 ke of rastor-i'-iIfT.' a s i,.- 

!l5”Tth!; w 

Tg't fS.t -) Jn? 

, Manurial trials conducted at Sabour have shown that nitroeen 

Lt/rNre rt? ? ““ 'fe'ivS in LS 

lowering. NIK gave better results than nitrogen alone or P and 
R either single or in combination. 
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Time of application-. Roy ci al (1951), at. Sabour, recom¬ 
mended that the dose should be split up m two parts-one contain- 
Z ammonium sulphate and half the potash for June application, 
and the other consisting of farmyard manure and phosphate along 
with the remaining quantity of potash for minumng in October. 
In tho ‘on’ yeut the dose of fimnionuun Hul])h(ito should be doubled 
and the extra dose (equivalent to 0.7 kg N) shoiild be applied a 

.1 T. .kH^Kt Ht m» hnnrpct. 


Perhanq it is to bo given along witn mo lauuyaiu iiiainuu u lu 
P 0 in October. The beginning of monsoon is the best time for 
manuring young trees. In Uttar Pradesh application of 12 cart- 
S K manure per 0.« hectare or 7.3 kg per well- 
grown tree just after picking the fruit in the off year is recom¬ 
mended. Afterwards fertilization with 2.2 kg of ammonunn 
mlphate and 0.9 kg of superphosphate s iotikl be done af the 
bemnning of January or about seven weeks biifore new growth and 
holers me ipected. In order to discourage vegetative growth 
after harvesting in the ‘on’ year no manure is rer.ommeiided. During 
the month before the new lliishe.s and luflorescences are expected, 
fertilization should be affected at the mto of l.ll kg of superphos¬ 
phate, 0,9 kg of potassium sulpliate, 2.2 kg of bane-nie,al and 

4.5 kg of wood-asli. ^ , . . , 

Method of tipplicution- The general dosii of lannyard maiiuie 
should be spread evenly on the ploughed .surface and mcorpomted 
by harrowing. The manhre mixlure should be applied in shallow, 
circu ar trenches around each plant, Ihese trenches should be 
2 to 91 eni wide and 30 cm deep within the dnp ol the branches. 

Salts of raicro'.iiutrients may he given in the form of sprays. 
It is better to mix these with two or three r(,:gu ur fiinpcidal .spray.s. 

Tripathi (1961) reported that urea is absorbed by old and 
young leaves of mango in measurable quantiths and tlie absorption 

was higher by the young leaves, • . i 

Citrus. Different varieties have different refimremeuts and 
there is consideralile variation in the necd.s of dilfert.-nt soils. Ihe 
dosage of any manure or fertilizer also vanes greatly with ihe^same 
tree depending on its age, health and bearing capacity.. It is be¬ 
cause of these factors that there is a great divergence m manurial 
practices in the. citrus orchards located within the same district. 

Gandhi (1956) recommended that a one-year-old tree should be 
given a mixture of 9.0 kg, of farmyard manure and 0.22 kg of 
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castor-cake. _ From the second year onwards, the above quantities 
should be increased by 4.5 kg and 0.22 kg respectively, every 
year up to the end of the sixth year. 

At Kodur (Andhra Pradesh) good results have been obtained 
by applying 68-90.7 kg of manure of. compo.st, 3.1-3.6 kg of 
groiindniit-cake and 3.1-3.6 kg of ammonium sulphate, Half of 
this quantity k to lie applied in the months of May-June and the 
remaining half in December-January, 

Nutritional deficiency, wliich is one of the major causes of 
decline of .witra trees in the Nagpur region, can be overcome by 
adding adequate doses of nitrogenous fertilizers and supplementing' 
tlie meagre do,se of basic manure. For obtaining quick results 
foliar application of nitrogen in the fomi of 2-3 per cent urea 
spray has been found very effective. 

_The results of the manurial trials in the alluvial soils of the 
Punjab and Uttar Pradesh have slioim that a mixture of 27.2 kg 
of farmyard manure and 1.8 kg of ammonium sulphate per tree 
gives good results. In Uttar Pradesh, 9,0 kg of farmyard manure 
IS recommended at tlie end of the first year and then 3.5 kg of 
farmyard manure, 0.22 kg of ammonium sulphate, 0.45 kg of 
wood-ash, 0,22 kg of siiperpho,sphate or bone-meal every year for 
the next five years. Afterwards for four successive yeans, 0.3 kg 
of bone-meal and 0.67 kg of wood-ash should be applied in addition 
to the above-stated mixture. At the end of the tenth year, and 
subsequently, each tree .should receive 40.8-45.3 kg of farmyard 
manure, 2.2 kg of aiiimoniura sulphate. 2.7 kg of bone-meal or 
.superphosphate and 3.6-4.5 kg of wood ash. 

In Madhya Pradesh the formula recommended for orange is 
superpho,sphate 13,6 kg, potassium sulphate 7.2 kg, cake 19.9 kg 
and ammonium sulphate 4.3 kg. 

Tho above mixture should be applied as indicated below: 


Ago of trees (yeuK) 

Amount of mixture 

1 to 2 

1.3 

2 to 3 

2.0 

3 to 4 

2,4 

4 to 5 

2.7-3.6 

5 to 6 

4.0-4.5 


Thereafter, bearing trees .should receive IB, I kg of superphos- 
phate, 9.0 kg of potassium sulphate, 13.6 kg of cake and 4.5 kg 
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of amnioniuin sulphate. This mixture should be applied at the rate 
of 4 5 in the sixth year, 5,4 kg in the seventh year, 6,3 kg in the 
eighth year, 7.2 kg in the ninth year, 8.1 kg in the tenth year and 
9,0 kg in the llth year. Afterwards, the dose of 9.0 kg per tree 
is kept constant. 

From manurial trials in Assam, the doses of NPK from the 
first to the 14th year have been suggested as in Table 62, 

In south India, application of a mixture, containing one part 
of ammonium sulphate, two parts of muriate of potash and four 
pants of superphosphate at the rate of 0,2 kg for young trees, 
0.45 kg per plant when 12 to 18-roonth-oId, 0.9 kg per plant when 
four year-old, and 1.3 kg when seven- to eight-year-old, is recom¬ 
mended. In addition, a leguminous crop like sannhemp, cowpea, 
horse-gram and dhaincha, may be grown in between the trees. 
Another recommendation* is that 9.0 kg of well-rotted farmyard 
manure is applied to onFyear-old tree along with 1.3 kg of wood- 
ash, 0.45 kg of bone-meal and 0.9 kg of some kind of oilcake. 
This should be increased gradually till the oilcake and bone-meal 
are applied to full-grown trees at the rate of 2.2 kg each per tree, 
farmyard manure at 45.3-54.3 kg and wood-ash at 4,5-5.4 kg 
per tree. 

For trees seven-year-old and above, a mixture of 36.2 kg of 
farmyard manure, 4.5 kg of castor-cake and 0,9 kg of superphos¬ 
phate is recommended for the medium black soils of Maharashtra 
and Gujarat and 4.5 kg of wood-ash for the red laterite soils of 
South India. 

The earlier-mentioned doses can be successfully applied to 
mandarins. However, for sweet lime, a mixture of 9.0 kg of 
farmyard manure, 0,45 kg bone-meal and 0.9 kg of some kind of 
oilcake is to be given for one-year-old tree. From the second year 
onwards the dose should be increased by equal amounts every 
year up to the age of seven years. A full-grown tree of sweet lime 
and kagzi lime ranging from 8-20 years may be given 36.2 kg of 
farmyard manure, 4.5 kg of castor-cake or ground-cake and 0.9 kg 
of supeiphosphate. 

Time and method of application: In northern India manur¬ 
ing is done in winter (December-January) followed by the applica¬ 
tion of a dose of ammonium sulphate in April-May after fruit set. 
In other parts of the country manuring is done at the beginning 
of the monsoon. Sometimes, in South India, two applications are 
given—one between June and August and another between De- 

280 ' 


manuring of crops 


ceinber and January, Kagzi lime in western India is manured 
during December and January before the spring flowering. 

Table 62. Doses of npk per tree from the Ist to the 
14th year of age 


Age of 

tree 

(Years) 

Amount of 
N 

(kg) 

Amount of 
P,0, 

(kg) 

Amount of 
K^O 
(kgl 

Total 

(kg) 

1 

0.22 

0.16 

i' ' 0,07' 

0.45 

2 

0.45 

0,31 

0,14 

0,90 

3 

1.36 

0.45 

0.24 

1.36 

4 

0.99 

0.63 

0.28 

1,81 

5 

1.13 

0.73 

0.38 

2,26 

6 

1.18 

1,02 

■ 0,74 

2,94 

7 

1.47 

1.25 

0.90 

3.62 

8 

1,72 

1.51 

1.07 

4.30 

y 

2.0 

1.72 

1.26 

4,90 

10 

2.26 

1,98 

1,42 

5.66 

11 

,2.53 

:,2.26 

1-58 

6.37 

12 

2.90 

2,53 

1,81 

7,25 

13 

Izt 

3.26 

2.86 ; 

2.04 

8,16 

It 

3.63 

3.18 

2,26 

9.07 


In most parts of India it is a common practice to apnly 
manure in a heap immediately round the trunk, but during recent 
years some improvement has been effected, It is applied by hand 
in a ring or basin at a distance of 61 to 91 cm from tL tree 
trunk, by this method maximum benefit is obtained because the 
manure is applied where the feeding roots are found in abundance 
Ihe manures or fertilizp should be spread evenly and incorporate 
ed properly in the soil by means of a spade to a depth of 3-10 cm 
so as to avoid injury to the roots. 

Banana. The banana is a gross feeder and plenty of organic 
manure is necessaiy for. its good growth. At the Central Banana 
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RcseaiTli Station, Aclulhurai, bt'st nisiilts wi;nj iichieyod with 22.6 kg 
of 'nattle manure or 1.3 kg of groundnut caJu. applied as a nux ure 
with 0.56 kg of ammonium sulphate per plant ni two doses, half 
uis ciuantity applied about two to three months alter planting and 
the other half about five months after planting. Ihis is in addi¬ 
tion to one basket of cattlu manure or compost applied to PHa 
prior to planting where soils are. deficient m potash, In addition 
lo the above 11.3 kg of ash per plant should also be applied. 

N'lik (1949) rccoranumdecl a mixture of potassium sulphate 

76.2 kg, groundnut cake 254 kg mid superfoi^hate lOU kg as 
1 dose Tier 0.45 ha of banana orchards m the liiniil Nadu State. 
The maniirial .scheme followed in Tiinjore district is 101.6 kg of 
mnmoriium sulphate and 433.5 kg of groundnut cake per 0.45 

aoemu ei al. (1954), in the Maharashtra Slate reconim^cled 
top-dressing of tlie mi.xture consisting of 1- kg, 

iimmonlum sulphate 0.67 kg. potassium suplmte 2a3-312 g and 
superphosphate 312-340 g per .stool. Other oilcakes may also 
lie used in addition to the above at the late of *,.7 .3.6 kg per 
stool twice or llirice a year, The same authors liave also reported 
a popular practice in the Cauvery J.)e t:i where application of 
101.6 kg of amnioniiirn sulphate, per 0.4.) hectare m April-May, 
i,e. two ruontlis after planting is doiiCj followed by an application 
of 433 3 kg of groundnut cake and 101.6 kg ol ainmomiim .sulphate 
in tire fifth or the sixth month. Tlni third and the last application 
is made in the ninth month which is similar to the first. ^ 

In some part.s of Malabar (Iverala) liuiulful of .ish is added 
to Gtich pit followed by 9.0 of grfsen of forest trees, und 

2.2 kg of ash applied to the plants when they Iiave put forth three 
tVfour leaves, This i.s followed by larger do.se of the same when 
the plants are three- to four-raonth-old. 

At Sabmir (Bihar) the best manurial dose for banana was 
found to be tiie one consisting of 1.12 kg of ammonium sulphate 
and 0.9 kg of potassium sulphate per Ktool, 

In West Bengal the common practice i.s said to he to inter- 
crop banana during the first year of it.s planting with egg-plant 
which i.smanured with 3,732-5,598 kg of cowdung and 186-224 kg 
of mustard oilcake per 0.45 hectare, the inamire being partly con¬ 
sumed by the banana plant, 

Banana .should be mumired from early .stages, Doses should 
be split up mid a number of applications per season should be 
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maj. Manure.? and fertilizers may either be broadcast over the 
whole area or on a metre around the stool. They may be con- 

qnll Pp ur ‘he stool and covered over with 

inrM? ‘he area about 60 cm wide 

around the plant at a,distance of 30 cm from the base and 5 cm 

iS the .surface. Sometime,?, it is broadcast evenly 

by bo*E .5 cTJu an£i. 

n. of “Mure in one form 

e otlier, as it bears heavily and throughout the year In 
Maharashtra all sorts of manures., like famiyard manure sliee 
dung wood-ash, bone-mea and oilcakes are Led with success. 

fndui, the first dose of manure is given when 

SfiWyfl 7 application, at the rate of 

36.2-40,3 kg of weli-rotted farmyard manure per plant is riven 
about four momlis .after transplanting. Manure is again apriied 
m about the .same quantity when the plants are abouf a year old 
In addipon to this a fertilizer mixture consisting of three narfs 
by weight of si.iierpho,s])hate, one part ammonimn .sulpSe and 

iXl” iT’S'S! ‘s « 

nitrogmriklmlTlZlS^ 

than farmyard manure and nmi cake, TlioLh N and NPK 

“te *“ ” 

In the Dcccari, about 18.1 kg of fannyard manure is usually 

applied to each pit, while planting seedling.?. A second dose of 
manure at the rate of 36.2-45.3 kg of fanfiyaitl 

/““•.OF five months after tein,sp]aiiting,S'ust 
about the time ol flowering. The third dose of about the same 
quantity as the .second, i,s applied when the trees are aboS a Sr 
old, pieierably at the commencement of the rain.s. 

I he be,St time for applying manures in south and western 
India IS the beginning of soutLwest memsoon.s from May to' lulv 
an ng„m m ,h, cold wate f™ Novc* D So Th 
mm m norih Mia will be and Mraary! 

.. I lie manure should be broadcast evenly in the basin 'and 
incorporated wi41 by digging with a hand implement taking Se 
that the loots, which are very near the surface, are not disturbed. 
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Guava. According to Rangacharlu (1954), good results were 
obtained at Kodur by applying 90.7 kg of lea compost and .3.1 kg 
each of groundnut cake and amnioniura sulphate per tree each 
year, thus applying about 1.8 kg of nitrogen. 

Gandhi (1957) recommended 11.3 kg of well-ratted farmyard 
manure to an one-year-old tree. This quantity should be increased 
bv 11 3 kg every year up to the end of fourth year, when it be¬ 
comes 45.3 kg per tree. From the fifth year onwards, the same 
dose should be repeated every year. 

Cheema cl al. (1954) reported that 1.3-1.8 kg of ca.stdr-c.ike 
and about 18.1 kg of cattle manure per bearing tree per annum gave 
very good results in Karnatak, In Baroda a small quantity of 
cornmon salt is also added to each pit along with 0. 1 kg of 
castor-cake. 'Fheso manures are applied to counteract the white 
ant trouble which is very common in Gujarat. 

Farmyard manure .should be applied after the rainy season 
and readily available nitrogen just before tin: flowers are .set, 

Litchi. No research work ha.s been done in Indi-i. on the 
manurial requirements of litchi plants. In Bihar, which has the 
highest acreage of litchi cultivation in this coiintiy, little or no 
mMure is applied as the plants are grown in naturally rich soils, 
However, 22.&-226 kg of farmyard manure or leaf-mould per 

tree, depending on the age of the tree, are recoinmended, Vyas 
(1938) recomraencled .application of 2.7 kg of castor-caake or 

1.8 kg of neem cake, 1.8 kg of bone-meal and 3,7 kg of wrwd-ash 
per tree in December when new shoots licgin to appear. 

It is advisable to .apply 37.3 kg of farmyard manure, 

18-2.7 kg of lime, 1,8-2.7 kg of bone-meal and 4..5-5,4 kg o 
ash per pit at the time of planting. One-year-old p ant should 
. receive a fertilizer mixture consisting of 18.6 kg of farmyard 
manure, 1.8 kg of ash and 0.9 kg of castor-cake. These do^s 
ought to be increa,sed annually by 9 kg of farmyard manure, 0.9 kg 
of lime, 0.45 kg of bone-meal, 0.45 kg of ash and 0,45 kg of 
castor-cake till the trees are fully grown. A full-grown tree 

should receive 93,25 kg of farmyard manure, 4,6 kg of lime, 
2 .7-4.6 kg of bone-meal, 4,6-7.4 kg of ash and 4.6-7.4 kg of 
castor-cake, depending upon _ the age and spread of the tree, and 
general condition of the soil 

Manuring should be done once a year during October-November 
before the new shoots begin to appear. 
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It is important to note that litchi has a shallow root system 
111 ? tje manure mixture should be spread under the dip of 
tile tree and forked well into the ground. 

Loifuat, No experimental data are available on the manurial 
requiroment.s of loquat in this countiy. But it is certain thaf^is 
a heavy feeder, tend.s to exhaust the .soil and requires generous 
nianunng, It is reported that green manuring dmfig the rains is 
desiiabla. Younger plants should receive 22.6 kv of farmvard 
manure and 0.45 kg bone-meal, For a full-grown tree 45 sT of 
well-rotted farmyard manure mixed with 2.2 kg of bone-meal ^and 
4.5 kg of wood-ash are recoinmended annually 

KL Tw" ,fi " “"'tas should 

Ikr. Barakzai (I9!0) stessEd llie importancE o{ mamrin« 

to each tree annually along with manure, Gokhale (1944) ^con¬ 
sidered an ajiplication of three to four baskets of farmyard manure 

fo^'fiw suggested application of four 

to^ five baskets of famiyard manure per tree at the advent of the 
rainy^sea.son, It ha.s been found useful in increasing tie yidd 
and improving the size and quality of the fruit, ^ ^ 

In western India her plants are manured soon after the buds 
sprout at the rate of two to three baskets (18.1-27,2 kg) of farm¬ 
yard manure, At the beginning of the monsoon 0,9 kg of comm™ 
salt 1.S given to each tree. 

soil evenly on the surface 

sol 1^9-90 cm away from the tree trunk, and incorporated well 
into the soil by hoeing and digging. ' ^ 

manuring of^ lull fruits in this country. However under normal 
conditions nitrogen .should be added at the rate of 0.04 kg for 
Superpho.sphate and potash may also be 
ap^ied at this rate when needed. The usual, practice is to apply 
a mixture of one basket of farmyard manure, 0,1 kg each of 
ammonium sulphate and superphosphate per tree when less than 
about three-year-old, with double the above quantity of each for 

LT oSLy the lull applS 

tion consists of three bushels of cattle manure and 0.45 kg each 

of ammonium sulphate and superphosphate. Dass recommended 
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I 

20 cartloads of farmyard manure or compost per hectare per 

Manures and fertilizers may be applied any time during the 
dormant season. 

Nitrogenous and potassic fertilizers should be J)roadcust by 
hand under the spread of the trees and forked 'well in the soil by 
hoeing. Superphosphate should be placed 7,5 to 10 cm below 
the soil surface in lumps around the tree. 

VEGETABLES 

According to the growing season, vegetable.s have Iieen divided 
into two grouiis-^wintciv or rubi vegetables, and summer or kfianf 
vegetables The first group comprises cole crops, like cauliflower, 
cabbage, knol-khol, etc,, root crops, like c.iriot, radish and tiunip, 
etc ■ leguminous crojis, like garden pea and pot-herbs, and green,s 
like’spinach, fenugreek, etc. The second group includes solanaccous 
fruits, like tomato, egg-plant, malvaceoiis crops, like ladys finger, 
vine crops, like pum])kin, bottle-gourd, .summer squash, tinda, 
bittct'-gourcl, spon^^C'gourdj iSii(ik(>.^‘our(l, und h'giuiunous crops 

like cluster-bean, etc, . 

Winter vegetable,s. Cauliflower requires very heavy manur¬ 
ing Purewal (1957) recommended at least 40.64 tonnes of farm¬ 
yard manure, 93.25 kg each of superphosphate and potassic sulphate 
per 0.45 hectare at the time of preparing the field for transplant¬ 
ing. 166.3 kg of ammonium sulphate per 0,45 hactare .should 
also be added as a top-dre,ssing in three dosRS--37.,3 kg after the 
seedlings have set in the field, 93*112 kg three to four weeks after 
the setting of .seedlings and 37-56 kg when the heads have .started 

to form. , 1 ., j 1 

From the work done at Saboiir it has been established that 
ciiulido'wcr ci'O]) should I’ertJivc 27.2 of nitrogen, 45.3 kg of 
phosphorus and 36.2 kg of potash per 0.45 hectare. 

Cabbage has been reported to give very good re.sults when 
manured with 36.2 kg of nitrogen, 27.2 kg of phosphorus and 
27.2 kg of potash per 0.45 hextare. 

For cabbage, 933-1,190 kg of fannyard manure per 0 45 
hectare are recommended before planting 74 kg of superphosphate 
at' the time of final preparation of seed-bed and 74.6 kg of ainmo- 
nium .sulphate when the plants have set. Chonkar (1961) from 
Saboiir reported that for higher cabbage production per 0,45 hec¬ 
tare, a starter solution consisting of urea or carbide, potassium 
sulphate and single superphosphate (1:1:2) should be given. 1.3 kg 
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of this .should be mixed with 227 litres of water and 0.28-0 56 
litre of tins is to be applied per plant. Mehta reported that cab 
bage and cauliflower each requires about 36.2-56.6 kg nitrogen 
which can be supplemented with 7,460 kg of well-rotted farmyard 
nianure and 74-112 kg of ammonium sulphate, For root cron? 
ho advocated about 10. 160-15,240 kg of well-rotted manure 
° potash and sufficient quantity of phosphorus, Purewal 
CJj 7) recoinmeiided a light dose of 8 to 10 tonnes per 0.45 
hectare of ^farmyard manure, 74.6 kg of superpho.sphate and 93 lev 
of animomum .sulphate to the .soil before preparing it finally for 
the ,seed-bed. Aranioniuni sulphate at the rate of'46 kg as second 
do.se should also be given as top.dre.ssing at the time of knob 
iorrnation. 

Iea.s sboiild be niamired with 8 to 10 tonnes of farmyard 
manure and 93 kg of pota,ssiurn sulphate per 0.45 hectare. A light 
dressing ol ammonium sulphate at the rate of 37.3 kg per 0 45 
hectare may be given at the time of pod formation ' 

..11 ' (^^57) recommend¬ 

ed 15.24-25.40 tonne,s of bulk manure per 0.45 hectare. A top- 
dressing of amraoiuum sulphate at the rate of two to three maunds 
per u,4j hectfin; should be niade, Mehta, sucfroted that the^ip 
crop.s require about 34-45.3 kg of nitrogen, '' 

.nd St? 13.24-20 32 tonnes of fannyard manure 

and 181.4 kg o superpho,sphate. In some areas the general prac 
tice is to apply 25 cartloads along with 90.7 kg of superphosphate 
ilf of wood-a.sh per 0,45 hectare,. A top-dressing of 

8 4 kg of ummoniiun .sulphate or about 453.5 kg of oilcake per 

flE” SV' ''“.2“ *“ 0” pi“iS 

Ghoukar (1961) reported that a starter solution consisting of 
aniinomum phosphate, magnesium sulphate, calcium nitrate, p^s- 
Slum nitrate and mngle superphosphate (2:1:1:1:2) prove^d to 
be very useful in increasing onion yield. One kg of this mixture 

Mamirial trial at Sabour confirmed the superiority of the dose 
of 18.1 kg nitropn and 18.1 kg potash applied to 0.45 hectare, 
Maruiiing of garlic,is done as in the case of onion. 

eavy manuring in case of potato is always a paying proposi- 
ton t ™,re, about 68-90 Ig of nitrogan pt, o’S iS. 
Haif of this nitrogen should be in tlie form of organic and the 
remaining half m the fertilizer form, 15,24 tonnes of well-rotted 
farmyard mum.re. 186 hg of ash and 560 Ig of c^S7“; 
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n ‘V) hectare should he thorous;hly inrcuTiorated in the soil, Super¬ 
phosphate at the rale of 112486 _kg per 0.45 hectare may be 
applkd behind the plough (i.e., ui furrows) Jiring the fina 
pliughing. During earthing up 86 to .173 kg of castor-cake and 
149'k,g of ammonium sulphate sliould be thoroughly mixed with 

siininier vegetables. Among euciirliits, musk-melon, long 
melon Ikakri), cucumber {khma) and bitmr-gourd .should be 
manured with about 20.32 tonnes of farmyiird manure per 0.45 
hectare." Ammonium sulphate at the rate of 5.).8 74.6 kg may 
b(. applied as a .side-dressing when the fruits have set. In the 
case of bottle gourd and pumpkin heavy nmnunng may be clone 
only in patches leaving the rat of the field unmanured Each 
patch is deeply dug and one basket-load of 9.,1 kg of well-rotted 
farmyard manure together with 56.6 each of ammonium sulphate 
and superphosphate should be thoroughly incorporated^ m the soil 
in the rainy-season planting. For summer-season planting half the 
amount is needed. Water-melons need comparatively light manur¬ 
ing and 10.16 tonne.? of farmyard manure, may bo added while 
preparing the land for seed-bed. -Ammmuum sulphate may be 
applied as top-dressing at the rate of 55.8;-74,4; kg per 0.45 hec- 
tare. The same amount of manures and fertilizens may be given 


Lady’s finger (okra or bhindi) .should be manured with 20.32 
tonne,s of farmyard manure per 0.45 hectare, A sidc-dre.ssmg of 
ammonium sulphate at the rate of 55.8 kg per 0.45 hectare is 
given when the plants commence pod formation. 

Pocha and his as.sociatei3 (cf. Anonymous, 1952) reported that 
application of .sodium nitrate or ammonium sulphate at the rate 
of 34-45 kg per 0.45 hectare, when the fruits begin to develop, 
has given excellent results. Nitrogen, phosphorus and pota.sli each 
at 18 kg per 0.45 hectare has been found veiy effective in,increas¬ 
ing the yield of tomato crop. Ghonkar (1961) advocated .starter 
solution comprising calcium nitrate, potassium nitrate and single 
superpho. 5 phate (1:1:3) when 1.8-2.2 kg of it is mixed with 
227 litres of water and 1 pint of this mixture is given to one plant. 

Brinjal does best on rich soil and 10.16-12.18 tonnes of 
fannyarcl manure .should be thoroughly incorporated in the soil 
before .setting the plants in the held. The crop needs about 
34-45 kg nitrogen, and if sufficient manure is not available it can 
be supplemented with ammonium sulphate and castor*cake, Ash 
may also be added at the rate of four cartloads per 0.45 hectare. 
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Cluster bean is a leguminous crop and hence ordinarily does 
not require-much of manuring, 

Manuring of Field Crops 

Tlie production _ of crops year after year on the same land 
results m a progressive drain on the nutrients. For example, a 
good crop of potato is reported to remove about 54.4-72.5 kir N 
11.3-13.6 kg P^Oj, 90.7-113.3 kg K^O, 27.2 kg CaO, 13.6 kg 
MgO, and 4.0-5,4 kg S, apart from the micro-nutrients, Similarly, 
other crops obtain from soil varying amounts of nutrients depend- 
i” duration of tile crop, climatic factors and 

leitility status of soil. No soil, .howsoever rich therefore, can 
sustam crop growth indefinitely without replenishment, With the 
necessity foi obtaining bigger crops to meet the requirements of 
growing _humun population, use of high-yielding varieties, expan¬ 
sion of irrigation and adopUon of better cultural techniques, and 
the rate of nutrient removal is becoming increasingly greater and 
the _iieed for manuring to replenish the deficient nutrient or 
nutrients more and more insistent. 

. . 1 ., manure, green manuring, etc,, to 

restore soil ^fertility ^ and act as all-round soil amenders has long 
cen recognized. Liming'is also an old practice in humid area.s in 
We,stem countnea It was only towards the middle of the 19tli 
century hat Liebig stressed the necessity of adding minerals to 
the soil to replenish the hea^ losse.? resulting from crop growing 
(Law of Restitution), Ihe Rothamsted experiments by Lawes and 
Gilbert deraoustrated the need for addition of nitrogenous com- 
pound.s at least for the non-leguminous crops and focus,sed attention 
on the usefulness of pho,sphatic and potassic fertilizers alone from 
amongst a wider array of minerals which Liebig recommended. 
Ihij early .studies and subsequent work has established that N P 

Mii-' Tunrr be called the 

JUG IHREE. Ill manuring, I hey have profoundly influenced 
till! development of fertilizer industry on the one hand, and stimu¬ 
lated research on plant nutrition and the fertilizer requirements 
ol crops on the other. Consequently, certain basic principles of 
inanurmg have been established and knowledge of the judicious 
use ot Icrtilizers and manures for increased productivity and main¬ 
tenance of soil fertility has grown, 

cnii basis _ of manuring consists in applying to the 

.soil, m required quantitie.?, the deficient nutrient or nutrients, in 
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order to ensure a good level of yield. This follows from the earlier 
view that yield is limited by the nutrient in ‘ relative minimum ’ 
and will increase as the level of the deficient factor rises (Law of 
Minimum) until another factor becomes limiting. It has been 
revealed by controlled experiments that when more than one nutri¬ 
ent limit growth and consequently yield, the increase in the level 
of either one of them often produces only a .small or_ even negligible 
effect, while maximum returns follow simultaneous increases in the 
levels of all of them in balanced proportion (Interaction of Fac¬ 
tors). The use of balanced fertilizers containing the major 
nutrients liable to be commonly deficient is, therefore, advocated. 
For economic use of fertilizers, however, it i.s nece.ssary to determine 
the nutrient or nutrients actually limiting in a given situation. 

The increases in yield with the increments in the level of a 
‘deficient factor may be linear within a narrow range only, but 
commonly follow the ‘ Law of Dimini.shing Returns ’. Since ma¬ 
nuring co,sts are proportional to the .size of dressing, the optimum 
dressing is the one which maximizes the net returns and not neces¬ 
sarily the one which maximizes yield. . 

Based on the results of trials on cultivators’ fields,,, and those 
conducted by Central Institutes and the State Departments of 
Agriculture, suggestions are available for manuring of many of the 
crops, which are considered here. Where no experiments have 
been conducted, broad indications based _ on experience of agricul- 
tunil workers and farmers have been given. 

PADDY 

In India, paddy is grown under a wide range of soil and 
climatic conditions. The most important soil property for success¬ 
ful paddy production is its ability to hold water on the soil surface. 
Therefore, fine-textured and less-permeable soils and low-lying areas 
are usually more suitable. It can tolerate a fairly wide range of 
soil pH (4. 0 - 8 .4), although the optimum pH ranges between 5,0 
and 6.5. As paddy has high water requirements and can grow 
under conditions of standing water, it has a fair tolerance to 
salinity. 

It is grown almost in all the States of India, including Jammu 
and Kashmir, but it is mostly grown in areas of high rainfall in the 
States of Assam, Bihar, West Bengal, Ori.ssa, Andhra Pradesh, 
Kerala, Madhya Pradesh, U.P. and Tamil Nadu. A considerable 
proportion of paddy crop is irrigated, 
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? i importance of farmyard manure, 

tank silt, etc., and apply these to the extent available. In southern 
b ates, green manuring in situ with legumes, such as dhamha, is 
3 1 ^considerable extent. Green manuring 
wi h tree loppmgs and, other perennial plants, such as Ipomoel 

t ^ ® ‘hese states, especially 

" pfr ^™P® field in 

L b consciousness of the need for fertilizer 

use m addition to organic manures for increased production of 
rice._ However, only a small proportion of the croT armesent 
receive fertilizers. The crop is under-nourished and is subject 

LTs f Nitrogen deficiency 

results, m poor and stunted growth, reduced tillerins' nalp itifl 

product on. Phosphate-deficient plants are stunted with small- 
sized dark-green leaves bunched together. Their primary roots 
are elongated and deep reddish in colour. Tiller ng ^d produ 
tion of secondary roots is suppressed. ^ P 

Potassium deficiency is characterized by stunted growth short 
and soft stems, and blue-green leave.? with bent ends 

. Responses to fertilizers. Of the three nutrients the defi 
ciency of nitrogen is widespread. Phosphate deficiency is also fairlv 

991 u'"'“Sf “"i pteptomi at [he rate of 

P™ 1 ° potash is about one-half as 

phosphorus per unit of 
mitnent. The application of potassium would, thLfore be 
remunerative m some of the areas. mereiore, be 

_ A study of the results according to the different avro-elirmiip 
regions also revealed similar results (Table 54 ). 

Under better management and assured water sunnlv favnm-'iWB 

bTowidS'-™ b- 

oeen oDtaineq. ihe doses of nitrogenous fertilizers to be annllpH 

4Tkg nIT 3 

g JN|ha, in the absence of green manuring and 20 kg N|ha 
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with green manuringj in addition to 20 kg P^jOjIlia in either case 
may be applied. Besides, the application of 20 kg PoOslha is 
advisable in Kerala, Bihar and other areas where measurable res¬ 
ponses to potassium have been obtained. 

Table 63. Response of paddy (q|ha) 'rp nitrogen, phosphate 
and potash (each at 22.4 icgIha) in different .soil group,s 


Soil group 

No, of Av. yield 
* trials in control 
j plots 

N 


K„0 

Alluvial .. 

933 ! 12,2 

3.7 

2.0 

1.2 

Black 

130 : 13.6 

2,7 

2,1 

0.8 

Coastal alluvial 

451 : 14.6 

2^ 

1.9 

1.4 

Hilly .. 

42 ; 10.6 

1.6 


0,6 

Laterite ,. 

239 j 15,2 

3.0 

1.7 

1,6 

Red .. . • 

624 i 15.2 

3.3 

2.6 

1.7 

Red and black 

89 ! 16.0 

3,5 

3,{) 

2.5 

Other alluvlals 

93 1 10.3 

2*2 

1.6 

0,8 

Terai and submontane 

90 1 9.4 

2.5 

1,6 

1.1 


The rates of fertilizers which are recommended for application 
to rice in India are much lower than those actually used in Japan 
and other countries where high hectare-yields are obtained. This is 
because the yield potential of existing Indian varieties is low, as 
they cannot utilize heavy fertilization and are prone to lodging. 
Indica-japanica hybrids have been developed and are being tested 
for selection of those which may stand up to high levels of manur¬ 
ing, The fertilizer recommendations will, therefore, need to be I 
ievi, 5 ed upwards, with the availability of lodging resistant varieties. 

Effect of different nitrogenous fertilizers. It is generally 
believed that ainraoniacal foim of nitrogen is more effective than in 
nitrate form in paddy soils grown under anaerobic conditions, How¬ 
ever, experiments on the relative performance of different nitroge¬ 
nous fertilizers, i.e,, ammonium sulphate, urea and ammonium 
nitrate, have shown them to be more or leas, equally effective 
(Table 65). In recent years new fertilizers, such as C.A.N., urea, 
ammonium sulphate nitrate, ammonium chloride, have been pro- 
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Ta35I,e 65. Relative efficie?ccv ok dikfereivt ivItrogenous 
FERTILIZERS (Response in qlha) 



Ghalvai 'Andlira Pradt^Fi | 33.0 j 1.9 2-4 

.A.duthurai Madras . . | 23.6 | 3.9 4.7 
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duced in India; the one locally available should be used by adjust¬ 
ing the time and the method of application. 

It is still believed in certain quarters that continued use of 
fertilizers, particularly ammonium sulphate, adversely affects the 
soil. The truth is that continued use of ammonium sulphate alone 
results in the rapid depletion of the phosphorus resources of the 
soil with _the result that in due course, application of N in the 
absence of P gives little or no response. As a result of series of 
long-term experiments, ammonium sulphate has'been applied con¬ 
tinuously in varying doses from 22.4-100,89 kg N|ha alone and in 
combination with compost and lime. Increasing response was 
obtained up to 45 kg N|hectare without any adverse effect on soil, 

Deep placement of nitrogenous fenilizerst Generally, the nitro¬ 
genous fertilizers in India are broadcast at the time of the final 
puddling, just before transplanting of paddy. By this method, 
considerable amount of nitrogen applied is lost through leaching 
and de-nitrjfication process. These losses can be considerably 
reduced by sub-surface application of a nitrogenous fertilizer. The 
result obtained at the G,R.R,I., Cuttack, are given in Table 66. 


r.Ani.E 66, Respon.se of paddy (in kg|ha) to sub-surface 
AND SURFACE APPLICATION OF 22.4 KG|hA OF AMMONIUM SULPHATE 



_ Table 66 indicates that sub-surface application at the time of 
sowing gives a higher response as compared to surface application 
As a result of several such studies it has been estimated that res- 
with deep placement (sub-,surface) of ammonium sulphate 
<^ouble dose of ammonium sul¬ 
phate. ^(44.8 kg N|ha) applied broadcast on the .surface. 

Time of application of nitrogenous fertilizers-. Because of 
anaerobic conditions under which paddy is grown and the nature 
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Table 67. Response of paddy (qIkca) to different ttmes of nitrogen application 



(Madras) .. 8.9 ! 8.6 j 9.0 7.4 6.3 j 6.4 6.8 27.0 
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of the crop itself the eflidency of different nitrogenous fertilizers 
depends considerab y on the time of its application. Ammoniacal 
oms can be applied at transplanting or sowing time. S 
onns should preferably be Other forms may be given 

M split application. The field should be well-bunded to prevent 
he movement of water from one field to the other, so that the 
fertilizer is not washed away. Recommendations regarding the 
best time of application also depend upon the paddy varieties and 
nitrogen content of the soil. A summary of the results on time 

h Sir 

“I Phosphalic ferdlizers ami their 
method of appheutiou. Of the phosphatic fertilizers, the water- 
sokble one, ix^ .superphosphate, gives slightly better re.sponse than 

applied as basal Sresshig! 

Top dressing of phosphatic fertilizers is not recommended, 

m acidity and also soil alkalinity. 

^ j “ obtaining high yields 

of Kerala^^*^^"^^ ° applied phosphorus on acid soils, as in parts 

WHEAT 

Wheat is grown on normal soils of varying texture raimlnsr 
between sandy loam and heavy black soils, in the plains of India 
and on acid or acidic soils in the hills, The crop is largely cul i 
vated in the Indo-Gangetic plains and the central and the «n 
parts of the country. Amongst rabi crops, wheat enjoys oreferen- 
tial treatment with regard to soil, irrigatL and cultiral practicl 

are preferred, and about 30 

pel cent of the area is irrigated. 

The crop generally follows cultivated kharif fallow, and in 
some areas receives farmyard manure.- In recent yeats double¬ 
cropping is being increasingly practised and crop is grown ate 
maize, khanf fodders or millets. 

Effect of fertilizers. Wheat is .generally responsive to 
nitrogen and phosphorus applications, particularly the former. The 
response to potassium has not been obtained in majority of the 
cases. The results of trials conducted on cultivators’ fields all- 
over India, summanzed according to the different agro-dimatic 
regions, are given in Table 68. ^ “ 
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Table 68. Response of wh.eax (q,!iia) to N- P and K according to AORO-OLimATic regions 
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These results clearly reveal that wheat responds well to 
nitrogen, both under irrigated and non-irrigated conditions. The 
response to phosphorus is also appreciable though lower than that 
of nitrogen, and that to potassium is quite marked in Bihar, Orissa 
and Madhya Pradesh, both under irrigated and non-irrigated condi¬ 
tions, but not in other States. ' 

In some cases, increasing responses have been obtained with 
N up to 67.2 kgjha and up to 110.3 kg|ha. Except when a 
soil-exhausting kharif crop precedes wheat, application of .such 
high doses of nitrogenous fertilizers is risky as the cultivated wheat 
varieties in India are prone to lodging. Short and stiff-strawed 
Mexican varieties are under test to select those which resist lodging 
under conditions of high soil fertility and give high yield. With 
this development application of higher rates of fertilizers may be 
possible. For the present, applications have to be limited to about 
20-25 kg N, and 20-25 kg P^Oj; per hectare under irrigated condi¬ 
tions when the crop follows kharif fallow; the dose of N could be 
doubled if the previous crop is jowar, maize or bajra. Under non- 
irrigated conditions, about 15-25 kg N and 15-25 kg PPg per 
hectare could be applied. 

Time and methods of application of fertilizer.s. Phospha- 
tic fertilizers should be applied before sowing. The same applies 
to potassic fertilizers where needed. Nitrogenous fertilizers can 
be applied to irri_gated wheat at the time of sowing, at first irrigation 
or in split application.' In the ca.se of split application, usually 
half the recommended dose is applied at sowing time and the 
balunce at the first irrigatioiii Early application generally increases 
the weight of straw to a greater extent than the later or the split 
application, and may induce lodging if high doses are used. Little 
difference in the response to different times of application of nitrogen 
on the yield of grain has been found, but split application will 
genm-ally be preferable to early application under most conditions, 
e.specially with long- and soft-strawed varieties. In the case of 
the non-irrigated wheat the phosphatic as well as the nitrogenous 
fertilizer must be applied at or just before sowing time. 

Pho,sphatic and potassic fertilizers if used should he drilled at 
or ^efore sowing time. The date of nitrogenous fertilizer to be 
applied at mwing could be mixed with the 'phosphatic fertilizer 
before drilling. If surface soil is moist enough to permit sowing 
by kera method (cropping seed by hand in furrows opened by 
plough) fertilizer mixture could be drilled through a /lora (a fun- 
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neled tube attached to the plough). If the seed has to be drilled 
by pora method for want of sufficient moi.sture in the surface soil 
at sowing) a side and deep placement of the fertilizer will be 
desirable either with a combined seeding-cam-fertilizer drill or by 
going over the field twice, once for drilling fertilizers and there¬ 
after for drilling seed. In some places, as_ on heavy soils of 
Madhya Pradesh, mixture of nitrogenous fertilizer at half rate and 
full dose of phosphatic fertilizer are inked with seed _ and drilled 
together. The practice needs to be evaluated in different soils 
under different conditions of moi.sture at sowing to fix the optimum 
safe dose of fertilizers that can be drilled with seed. 

Phosphate could be applied to wheat directly as indicated 
above or via the legume. This ha.s proved/to be a very good prac¬ 
tice at the I.A.R..L, New Delhi. Phosphatic fertilizer applied to 
berseera increases the yield of fodder appreciably, and also benefits 
the succeeding wheat crop, If tlie wheat crop follows kharif 
legume, sucli as guar, green manured or removed for fodder, phos¬ 
phate could be applied to the legume. If wheat follows green 
manuring, application of nitrogenous fertilizer is not normally 
necessary. 

Fertilizer iipplmtion in nhtm to irrigation: Irrigation influ¬ 
ences the response to fertilizer,?. In the Simple Fertilizer Trials, 
the response of irrigated wheat to nitrogen and pho.sphorus was 
higher by about one t||ha as compared with non-irrigated wheat. 
There was no difl'crence in the response to potassium. 

In the experiments at the Model Agronomic Centre, Power- 
kheda, the effect of frequencies and intensitie,? of irrigations were 
studied in relation to nitrogen and pho,sphoi'U,s levels at eight 
centres. The re,sult.s obtained on heavy black soil at Powerkheda 
, (M.P.) are given below. 

Yield Response to N jYield 
with- .....I with¬ 

out 33.6 i 67.2 

N hgN/ha|kgN/ha 

13.2 4.7 7,0 11,6, 

12.2 6.5 II.1 11,3 

13.5 6.5 10,fi 12.2^ 


Fre¬ 
quency 
of irriga¬ 
tion 

2 I 

3 


RtAsponse to 
phosphate at 

3,3.fikg| 67.2 kg 
P,0,^/haiPpj/ha 


Remarks 


Results of 
2 .seasons 
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_ The response of N and P was affected by the number of irri¬ 
gations. The response increased when the number of irrigations 
was raised from two to three, but there was no further response 
when the number of irrigations was iiicrea,sed from three to 
four. The results of experiments on alluvial soil elsewhere also 
point to the improvecl fertilizer response with more frequent irriga¬ 
tions. Depth of water applications does not generally influence 
fertilizer response. In fact heavy irrigations of well-fertilized crop 
should be particularly avoided in the later stage.? of crop growth 
after pr _ emergence to minimize lodging hazards. 

Fertilizer application in relation to other factors: The response 
to both nitrogen and phosphorus is higher when wheat is sown at 
the optimum time for a region or place. Late sowing or too early 
sowings generally give lower re.sponse to fertilizers. The response 
of the late-sown crop can be improved to some extent by increa,sing 
the seed rate. 

For ensuring good response to fertilizers it is necessary that 
good germination and optimum crop stand is maintained. In white 
ant-infested areas insecticides for control of white ants should be 
used to prevent gappiness in stand. 

Although crop is largely grown on soils having slightly acidic 
to alkaline reaction, some areas in hills, e.g., Kangra (Punjab) and 
Chotai Nagpur Plateau, have acid soil. Liming is advisable when 
pH of the soil falls below 5.5. The dose of lime to be applied 
should be fixed on the basis of soil pH and texture of the soil. 
Lime should be broadcast about two weeks before the last 
ploughing. 

As wheat does not tolerate .soil salinity, and alkali .soil condi¬ 
tions, and use of fertilizers to this crop on such soil will be wasteful, 
the crop should be substituted by salt-tolerant crops, e.g., barley 
under such adverse situations, 

BARLEY 

BarleyTs an important cereal crop under conditions which are 
not well suited for wheat, It can tolerate the adverse weather and 
soil conditions better than wheat. Relatively poor sandy soils are, 
therefore, , relegated to barley. Barley, is salt-tolerant and is, there¬ 
fore, grown on saline and alkali soils as well, It is not grown on 
acid soils as it is very sensitive to soil acidity . ‘ Being early matur¬ 
ing, it can he sown late and can stand drought conditions better, 
even though it has relatively shallow and weak root system. The 
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crop is usually not irrigated and is sown mixed with gram. The 
crop is rarely manured by the faimers, , . 

The fertilizer requirements of barley are more or less similar 
to those of the wheat crop. The dose of fertilizer application 
depends on the puipose for which the crop is growm If groira 
for malting purposes, the nitrogen content of the gram should be 
low and the starch content high. Therefore, under such conditions, 
barley should follow a soil-exhausting crop and N application should 
be rather low, not exceeding 10-15 kg N/ha. But the doses of P 
and K could be almost double the dose of N. When barley is 
crown for grain for human consumption or loader, nitrogen^ appli¬ 
cation could be higher, about 25-30 kg/ha, .rhe exces.s of nitrogen 
has, however, to be avoided as u causes lodging. Methods of 
application suggested for wheat also apply to barley. 

Application of nitrogen at 22 kg/ha in the fonn of urea spray 
has also given good rtisults in the recent experiments at the 
I.A.R.I., New Delhi. 


MAIZE 


Maize is sown with the coinmenccrnent of rainy season in the 
plants of U.P., Bihar, Punjab, Rajasthan, Madhya Pradesh, Jammu 
and Kashmir, West Bengal and Gujarat, and harvested during 
September-October, In hilly areas, the crop is .sown during March- 
May and harvested m August-September. In Andhra Piadcsh and 
Maharashtra, apart from the rainfetl crop, an irrigated crop^ is 
grown in the rabi season. Rabi maize has also shown promising 
results in experiments in Bihar and tlie practice may gain accept¬ 
ance in this State and in other States where siiniltir agro-climatic 
conditions exist. . , , 

The crop is grown on a variety of soils, ranging between the 
sandy loam and alluvial in the Indo-Gaiigetic plains and black soil 
in the Deccan. Pligh-lying, well-drained fields are generally pre¬ 
ferred for its cultivation in the rainy season as the crop is sensitive 
to water-logging. Though largely grown on .soil.s_ of_ neutral to 
alkaline reaction, acid .soils are also used for its cultivation in some 
area.s such as Ghhota Nagpur Plateau. 

In the Inclo-Gangetic plains, the important rotations including 
maize are maize-,lenji-sugarcane-wheat, ^ maize-potato-tobacco or 
onion or calocasia or sugarcane, maize maize-early potato-late potato- 
chma, and maize-potato-sugarcane-wheat. Thus, the wop gene¬ 
rally follows a soil-exhausting crops .such as wheat. Till recently, 
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local varieties of varying durations have been used for the cultiva¬ 
tion of this crop. Recently .suitable varieties of hybrid maize have 
been developed. Two hybrids, Ganga-1 and Ganga-101, are re¬ 
commended for the Indo-Gangetic plains of the Punjab, Madhya 
Pradesh and the foot-hills of Himachal Pradesh, The Ranjit hybrid 
is recommended for Rajasthan, northern Gujarat and Maharashtra, 
and the Deccan hybrid for Peninsular India. 

The local maize varieties grown at present are often manured 
witR farmyard manure. The consumption of fertilizers is rather 
low. Being a quick-growing crop, capable of producing heavy 
yields in a short period of 2.5-3.5 months depending upon the 
variety, the crop needs ready supply of nutrients in available form 
for its proper growth. 

Deficiency of nitrogen is indicated by pale-green or yellowish- 
green appearance of leaves, stunted growth and reduced size of 
foliage. The yellowing and drying generally extends from the leaf 
midribs in widening bands towards the tips. Phosphoras deficiency 
is characterized "by poor root development, purple colouration of 
leaves and delayed ripening. Potassium deficiency is shown by leaf 
-discolouration followed by browning and scorching of the leaf 
margins. 

Marked responses have been obtained to the use of nitrogenous 
fertilizers wherever moisture supply is not a limiting factor. Opti¬ 
mum dressings depend on the fertility status of the soil. In the 
case of hybrids, profitable returns have been obtained in experi¬ 
ments to N ranging between 80 and 160 kg and P^Og between 45 
and 90 kg per hectare. Application of a potassic fertilizer at 
45-60 kg K 2 O per hectare is also advisable. In recent experirnents 
response to zinc has also been noted in the case of hybrid maize. 
In the case of ordinary maize the approximate fertilizer require¬ 
ments for N, P and K will be about half as those for the hybrids. 

Relative efficiency of different sources of nutrients. 
Experiments have shown that the response of maize to the different 
sources of N, viz., ammonium sulphate, urea, calcium ammonium 
nitrate, ammonium sulphate-nitrate, is more or less the same. How- 
ever, there is an indication that ammonium sulphate-nitrate was 
slightly better than ammonium sulphate in isolated cases. 

Time and method of application. The full dose of phospha- 
tic and potassic fertilizers and one-half or one-third the total dose 
of nitrogen should be drilled in the soil and seed sown in the result¬ 
ing furrows. The remaining dose of nitrogenous fertilizers should 
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htj top-dressed when the plants are about 15-20 cm high and again 
when the plants are 60-75 cm high. Dciicieney of micro-nutrient 
Zn has been noticed in hybrid maize at the I.AJU, and the defici¬ 
ency was corrected by spray application with zinc, sulphate. 

Factors influencing fertilizer response: Sowing of the crop 
with the coinniencement of tlie monsoon or a few weeks in advance 
is expected to give higher riisponse to fmtilizers than delayed sow¬ 
ings. Th(} crop is sensitive to drought as also to waterlogged con¬ 
ditions. Provi.sioii of tideciimte supifly of moisture through supple- 
inenttd irrigation and provision for clraiiiage of (;X(.;e.ss water are 
esHential for obtaining high yields and high re.sijonses to fertilizers. 
Tin; raaiiitenarice of optimum plant popiilutioti is also important 
for obtaining high yields and response to fertilizers. 

When grown on acid soil,'!, a.s in Ktmgra (Punjab), Chota 
Nag|.)ur, and Assam, the acidity should be corrected by liming on 
the basis of .soil tests, 

JOWAIi 

]imr is grown as a kharif crop mainly in Maharashtra, Guja¬ 
rat, My-sore, Andhra Pradesh, Madhya Pradesh and Uttar Pradesh. 
In parts of Maharashtra, Mysore, Andhra Priiclcsh, Gujarat and 
Tamil Nadu, ]owar is also a mhi crop, The crop is not as drought- 
resistant as hajra. It i.s, therefore, grown on areas receiving rela¬ 
tively aa.siu’od rainfall and on soils of finer texture and with better 
moisture-retaining properly th.'in thoHi: rtdegaled to hajra. 

It is known to be-a highly isoil-exhausting crop, It has the 
capacity to grow rapidly and depkites the .soil of the nutrients, 
particularly nitrogen, in a relatively short period. Perhaps no 
other crop is a better indicator of the low fertility of soil in terms 
of nittogeii as jowar crop. Although it can draw on soil nutrients 
elfectively as evidenced by'the reduced fertility of the soil cropped 
with jowtir, the ustrof farmyard rnanun; and fertilizer is necessary 
to maintain tlie soil fertility and as.sure rinisonable yields. The 
general limitirie factor under unirrigated conditions is, however, the 
moisture siipiny. Since, generally the crop is grown in areas 
where rainfall is usually adequate and the soils are retentive of 
moisture, tire application of low doses of fertilizers is expected to 
be remunerative. Experiments conducted at the PIRRCOM centres 
have shown thtit the crop is responsive to application of fertilizers. 
Iji an agronomic trial at Bellary conducted during 1962-63, appli¬ 
cation of 9 kg N .and 18 kg PjCij gave the maximum yield of grain 
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and straw. In un experiment at the PIRRCOM Centre, Dhade- 
sugar, application of nitrogen at 13.6 kg and phosphate at 18 kg 
mcieased the yield of gram and fodder, ^ 

In view of these results, the fipplication of fertilizers to jowar 
is d(,jrablc. To nmiiniise the risk under unirrigated conditions, 
Imvev^ the mihzer do,ses should be kept low. In general, 15 kg 
if N .ml 1.) kg of UOjh.a may be applied just before sowing. In 
cjtse the crop^.show.s_deficiency symptoms of nitrogen, which are 
clearly recognizable in this crop, top-dressing of 15 kg N per 
hectare may be applied m areas where the failure of monsoon 
rams is infrwjufint, In the case of rabi jowar, grown under irrigat- 

S ‘WN factor. Therefore, 

J) kg N a.id JJ kg Ipi- may be applied at the time of sowing 

.jiftTfom inlSii!''™^ 

BAJRA 

_ llie crop i.s grown on soils of low fertility and low producti¬ 
vity, and m areas receiving low rainfall mainly as a rainfed un- 
imguted crop. Largest areas lie in Rajasthan, Gujarat, U.P., the 
lnnjal)_aud the Deccan Plateau, It is grown on all types of soil. 
Ihe imirrigated crop is generally grown mixed with pulses, castor, 
gingelly, etc,, but irrigated .crop is pure one, Rainfed hajra is 
rarcly^ manured and the yields are low. Penning of .sheep and 
gmat is jiractised in some parts of the country. Irrigated crop 
IS manured with fannyard manure. 

Ihe crop responds well to manuring, In an experiment on 
iJianunng of bajra at Palur (Madras), direct application of 
ammonium sulphate at 112 kg or groundnut cake at 560 kg and 
superphosphate at 56 kg per hectare doubled the yield,, The appli¬ 
cation of these manures to cotton resulted in 40 per cent increase 
It . succeeding hajra. On irrigated: crops, 67.20 kg 

N+j 0.40 kg PgOj or 100.80 kg N-|-()7.20 kg PPj, in conjunction 
wnh compost at .5.70 tonnes and 56 kg,K,,0 gave significantly 
higher yields as compared with compost at “5.70 tonnes per ha. 
In Bombay, 67,20 kg N-1-44,80 kg P„0, .and five cartloads of 
farmyard manure per ha has been found to be the best combina- 
tion, 

Expeiiments conducted at PIRRCOM Centre, Ajmer, have 
shown that application of 44,80 kg N per ha enhanced the yield 
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• fil 9 npr crat being 6.74 q|ha. An increase of 
of fcajra gram '^7 ’was obtained with the application 

about 19 per cent (2^1 Nitrogen and phosphorus 

of 44.80 ’j goo(i fjiFfiCts on bajra yield, but their 

when applied alone sh g ' ■ ■ ^ j jjijj-ogen application 

wl S ga?e the best results, it was seen that a no profit 
per ha, wtuui g w r^jisonable return. 

obtained was Rb_ • > PIRRGOM Centre, Kanpur, have 
Recent ‘ n at 11.2 kg N/hn was almost 

shown that folmr app - j aiipliciltion in grain yield 

•»» 

*“'thrrtlTnf 4«i« *f •■“<1? ”■* 

■. Hi. 

Serf^Ss. 'h nU,og«n ata,« fe.wlW i* «mld be.bmdct. 


n ' ■ mninlv ill Mv.sorc aiid to a considerable extent 

sSrSSi^te“r.:-1H 

rotation is followed, Irrigated crop is often rot.itcd with 

with garden crop,s. , . r 

The crop is manured with farmyard manure at the ra e £ 
15 20 cartiondfi and with tank silt at the rate of 10-15 cartloads 
ieAectarl Penning of sheep is also practised m some areas, 

Some farmers also apply oilcake and fertilizers. ^ ^ , 

soils on which ragi is grown are low in nutrients ana 
u! fmitpr there is need to apply both organic manures as 
weir'is fertilizers but moisture supply is the limiting factor under 
3 This coSderaflon necessitates adoption 
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of low doses of N, P and K. 15-20 kg|Iia of each of the three 
nutrients may be applied to rainfed crops and double the doses 
to the irrigated crop. 

» Phosphate and potash should be drilled before sowing both in 
the unirrigated and the irrigated crop. _ Nitrogen should be applied 
as top-dressing after weeding under unirrigated conditions. Under 
irrigated conditions, half the dose of nitrogen could be applied at 
sowing and the rest top-dressed just after weeding. 

PULSES 


About 90 per cent of the area under pulses in India is urn 
irrigated. The crops are deep-rooted and have low irrigation 
requirements. The commonly grown pulses may be divided into 
two categories: (a) those which are sown in the ra6i season after 
the cessation of monsoon rains and grO'W under conditions of 
decreasing soil moisture, and (6) those which are grown in the 
rainy season and are subject to conditions of excess moisture or 
of deficient moisture at different times during the crop season. In 
the former category are included crops, such as gram, peas, lentil 
and khesari. The important crops included in the latter category 
are Phaseolus spp. (black gram, green gram, moth), guar and 
cowpeas. Red gram is a long-duration legume which is sown with 
the commencement of the monsoon rains and matures in the rabi 
season, Pulses may be grown as pure crop or mixed with other 
crops. ^ The pulses grown in the kharif season are grown as mixtures 
with, jowar, rice, maize and cotton. Rabi pulse.s are mixed with 
wheat, barley, linseed and rape and mustard. Some of the pulses, 
such as gram, khesari and green gram, are sown as paira or utera 
crops in rice fields, i.e., the seed is broadcast in the standing crop 
of rice a few days before the rice harvest. 

Due to the pressure of root nodules these crops are more or 
less self-supporting in regard to their nitrogen requirements although 
some of them_ may profit from low (starter) doses of nitrogenous 
fertilizers. High doses of nitrogen depress nodule formation. 

The activity of the rhizobia (bacteria) is influenced by nutri¬ 
ents, such as phosphate and calcium content, of the soil and soil 
pH, Soil acidity does not constitute favourable environment for 
nodule formation and the development of the bacteria. Therefore, 
these crops are grown on acid soils as in hilly and plateau areas 
(for example Ghhota Nagpur Plateau) the soils must be limed to 
correct the acidity. Both on acid soils and on alkaline or neutriJ 
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1 io nftr.n the factor limiting the yields of these crops. 

•>» i-'»' 

The fertilization of legumes with phosphate, not only assurss 
th. best 1 omance of the pulse crop, but also leads to economy 
the btst peuorn suitceecliug crop of nori-kgmues. 

“ ^ Si.nl.fc rBliii-/« Tri* th» Iho 

«d!;h *S wp, i« " 

ttiiy Vmime on tint following rice was It (liha. . 

2* w >» nil. 0 S« ™«S‘»5 f»«“ '■« 

2 h. in it 60 ,Kt rat ol Ita imb. 

M*d of owlioaltai. tot . tops of kharil polsos 

, t,,t rfinv season or nihi pulses grown under irriga- 
grown during th ^ k P Sblcni; a mi-Xluro containing low 
tion, uumimi« \ k, drilled 

through irfunneiliid Udie {pom) al plough-sole depth, and ped 

ES (to,) m tho Ksollinc (»m«. Hcm« two or t .™ 
JpTdSl iLioL complioote tho 

kLii uulses are sown mixed with other cups eithir in bcparatc 
7am witliin the rows or are broadcast between the 

rZl d tk main crop; {b) some of the nid, pulses such us khmn 
TO'sown l.)y P“if“ or utm method in standing crop d uce, and 
ieWahi pulses, such as gram, are giwn ™ 

served moisture inasmuch as the surface snit dries tuid the sc.d 
hafto kdr lied in the moist layer and fum.wa lelt open to ensure 
gJrminadon. Suggestions, for muminug in these situations may. 

'^Wheri kharif Viihps are sown with the seed of other crops, 
the average dose of fertilizers, depending^ upon the relative lyoi^ 
tion of the area estimated to bo occupied by the main and the 
ubHidiary crop in the field, may be dnl ed and luops sown accord- 
S to the normal practice, If the puke and the o her_ crop are 
sown in separate rows, it may be possible to marmie the individual 
row.s of the pulse crop with phosphates or phosphate plus a low 
' do^e of niwgen. separately; the fertilizer may be drilled and 
seed dropped with hand in furrows. 

When the pulses are sown by /Mira method,dt is not poiiycni- 
ent to apply the fertilizer to the pukes. The only alternative is to 
apply an additional do.se equivalent to the share of the pulse crop 
and drill the same at the time of transplanting or sowing of the 
rice crop, 


manuring of crops 


The top-dressing of nitrogen applied to rice is also expected 
to leave adequate residual effect for the benefit of the legume. 

In the case of mbi pulses grown on conserved moisture, where 
thfi soil surface has dried and the seed has to be drilled it 
is equal y important that the fertilizer, to be effective, is ’also 
drilled deep in moist soil layer, For this purpose the use of a 
combined seeclling-CMM-fertilizer drill, which carries the coulter 
for drilling fertilizer m front and that for drilling seed in the 
rear but a couple of cm to the side, is advisable to avoid direct 
contact of fertilizer with the seed. It is understood that in 
Madhya Pradesh, low doses of fertilizers and seed are mixed with 
seed efoie the two are drilled. Experiments on the maximum 
doses of fertilizers which can be drilled with seed need to be 
earned out under different soil conditions. 

Brief descriptions of the individual pulses are given below. 

Gram. Gram occupies the largest proportion of the area 
under pulses and is largely grown as a rabi crop on conserved 
moisLuiu In some parts, where rainfall is low, the crop is grown 
with irngiuioii and high yields are obtained. It is a soil-restora. 
Uve (,iop and cloia not norma y receive any manures and fertili- 
zer.s, althougli it_ frequently follows .soil-exhausting crops, such as 
jowar, maize, ityre .and rice, Although the responses of this crop 
to mamimig have been somewhat variable, it can be generalized 
lh,it the crop responds to fertilizers. As the crop is grown on 
conseivecl moisture which pi' 0 gres.sively dccrea.se.s during the crop 

N and 20-,10 kg P 3 O 5 per hectare would generally lead to increase 
nv yield over a wide range of conditions, under non-irrigated con¬ 
ditions, Uiider irrigated conditions, the dose of phosphate could 
be almost'double of that under non-irrigated conditions. When 
the crop follows a soil-exhausting crop, such as sorghum or maize, 
the use n| nitrogen is expected to be specially beneficial. In some 
parts of the country as in Chota Nagpur (Bihar), where gram 
IS giown on acid soils, application of lime according to the lime 
requirements is necessary. 

Superpho.sphate may bo. considered to be the .suitable .source 
ot phosphate under all conditions. 

As the crop is grown in winter without irrigation, response to 
leitilizeis depends on adoption of moisture conservation measures 
such a,s contour-bunding, contour-ploughing, planking the soil’ 
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after cessation of rains, Timely sowing and deep placement of 
fertilizers in the moist layer of soil are also specially important for 
the effective utilization of the conserved moisture and improved 

fertilizer re.sponse, . , 

Peas. Peas are grown under more or less similar climatic 
conditions as gram with the difference that they are generally 
irrigated in the plains, In the hills the crop is unirrigated. There 
are two types of peas, the garden or table peas and the field peas. 
In the North Indian plains, they are largely cultivated m U._F„ 
Delhi and the Punjab on light sandy or loam sods. In the hills 
the crop is grown on acid soils* Manunal practices vary consider- 
ably in different States, The farmers generally, apply fpnyard 
manuro directly to the peas or to the previous crop m the rota* 
tioii. The use of fertilizers is still not widespread. The crop 
responds to fertilizers us well as to organic manures. The early 
experiments at Pusa (Bihar) justify the use of farmyard manure 
at 44.8 kg Njha. The use of inorganic sources of nitrogen has 
not usually shown encouraging results. The application of phos> 
phate at 67.2 kg PgOjha has been found to increase the yield of 
peas markedly. In the absence of organic manure.s, especially 
when the crop follows a soil-exhaustIng crop,_ the use of moderate 
dose of nitrogen will be desirable. Application of 20 kg N and 
40 kg PPfi is expected to be beneficial over a, wide range of condi¬ 
tions, particularly because the crop is irrigated in the plains. 

In areas where the soils are acidic as in Nilgiris and Manipur, 
application of lime to correct the soil acidity is necessary. 

Khmiri. Khesari is .sown in standing rice and largely 
grown as {ma ox utera crop. It does not receive any fertilizer 
or manure directly. The low yield of the crop is partly due to 
poor pliysical condition of the soil at sowing because of no land 
preparation, defective crop stands and absence of manuring. It 
may be possible to improve its performance by applying an addi¬ 
tional doise of phosphatic, fertilizers to the rice firop as already 
mentioned, but experiment.!! work on this aspect is lacking. 

Black gram. Black gram [Phaseolus mungo) is grown with¬ 
out irrigation during the rainy season, either' as a pure crop or in 
mixtures with other crops. In some of the States, where winter 
is mild and warm, the crop is grown in the rabi season on residual 
moisture or with irrigation. It is grown on a variety of soils but 
relatively heavy soil is preferred for its cultivation. The crop is 
either unmanured or inadequately manured with three to five tons 
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of farmyard manure per acre. In samp navto u, 
ashffl also appIW h addiliop t„ faCa?d tan'uTT" ■' 
malts m Aaam and ekwhere havt skowTE 
to manuring. At Torhat lAsq'imt a,,., . li « . °P responds 

the yield by 110 per cent and % Njha increased 

rmt nnlv same dose by 39 ner 

cent only, hut ammorniim suphate denressprl Ab .iIbiJ 

■shows that the beneficial effeef of duS ff 11 .S . 
niitneiits other than nltroceti ^ ° attributed to 

manure and oilcake werePlm nhin’;!*T^ responses to farmyard 

Cuttack (OriS wCranScati n f 
incimased the yield. aPPl'':‘'‘hon of ammonium sulphate also 

toimtata" f„a the 

jss 4 s?'?. r «-w aififpTS 

™. whieh is .ubjea Mdli oTfxSTSaterif 4 "?™ 

givrsfcfto ors..»T's i‘•» 

planting of rice. The irrinted ° 

fertilizer use, particularly phosphate.^ 

ing good rc,sponse\o^i!muring^ importance in assur- 

Sis' rri" s* 

ut uplands. In lowlands, no manuring ia nractised 
that Muiig 1. I responded to 33,6 kg N/ha in up 
prdmurily application of nitrogen to this cron w i, 

Ihe re,suits of the Simple Fertilizer Trfni be required. 

Orissa have shown that the vIpIH nf ttm ^ ^ ^iidhra Pradesh and 

'taoiiell fa Wltatioi ofp^o! 

good fertilizer response. ^ ^ 

such as ioie«r^Il/rfl,°ricrardS 
i» of UP., Bih.r, Madhj,l pifaKjXn“"n. 
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often grown on borders of cotton and sugarcane. Data on 
rial requirements of the crop are lacking. In general, 10 kg_N 
and 40 kg P„Or per hectare may be drilled at the time of sowing 
in pure crops and in cases where arhar and the principl crop with 
which it is mixed are sown in separate rows. As it is difficult to 
meet the individual fertilizer requirements of the pu se and non- 
leeumes when they are growing intermingled in the field at random 
rather than in individual rows, it would appear to be more appro- 
priate to grow them in individual rows from the point of view of 

Axhcif is susceptible to wilt which affects ciop stand and res¬ 
ponse to manuring, 

GROUNDNUl' 

About 97 per cent of the area under groundnut is rainfed, The 
fvon is crown In parts generally receiving more than 51 
cm rainfall! InVarts of Tamil Nadu (specially South Arcot, Tan- 
Se and Madurai), Andhra Pradesh, My.sore and Maharashtra the 
crop is raised under irrigation during smnrner. Ihe crop is grown 
on red loams of varying texture and depdi in coastal distnc s o 
Madras we.stern districts of Andhra Pradesh and most parts of 
Mysore: on black soils of ceded districts of Andhra Pradesh, Maha¬ 
rashtra Gujarat and Madhya Pradesh; on gravel sm s in parts of 
Mem and North Arcot districts of Madras, and in Gliittoor Anan- 
tapur, Kuniool and Hyderabad districts of Andhra Pradesh; pel 
on sandy’foams or light sandy soils in parts of U.P. and the lunjab. 

Groundnut is grown both as a pure crop and as a mixture with 
eholm, cotton, castor, red gram or ragi. The pure crop is grown 
in rotation with millets and cotton m some parts of the country. 
In some places it is rotated with tobacco and chillies. 

Mamu’ial prttcliccs. The crop is sometimes manured wi i 
small doses of farmyard manure, either directly or it receives Ae 
benefit of residual effect of organic manures applied to the other 
crops in the rotation. Only a small proportion of the area receives 
fertilizers, but there is a growing awareness of the need for the use 

of fertilizers for this crop, ^ 

Response to fertilizers. In areas, such as Chhota Nagpui 
and the Deccan Plateau, where the soils are acidic, liming will 
help in Improving the yield of the crop by supplying the calcium 
requirements of the crop and improving the environment for the 
development of rhizohial bacteria. Recent field trials at Nileshwar 
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show that slaked lime gave encouraging results. Being a legume, 
a good response to phosphatic fertilizers is to be expected. Besides* 
experiments under the Co-ordinated Scheme of Agronomic Experi¬ 
ments show that in groundnut nitrogenous fertilizers gave as much 
response as phosphates in spite of the crop being a legume. There 
were also substantial responses to the application of potassimn. 
The results of 196 trials under the Co-ordinated Agronomic Experi¬ 
ments' Scheme are tabulated below. 


Effect of N, P and K on the yield of groundnut ((j/ha) 


Without K 
22.4 kg N/ha 





i ■ 

+ 

fcr) 

i 

' 

b- ba d 
J3 



U-) CM 0 

CM 



14.1 

14.2 

15.8 

14.7 

15.4 

17.8 


■ Further experiments have shown that the response to nitrogen is 
progressive and proportionate to the size of nitrogenous dressing 
as the higher level of nitrogen (44.8 kg N/ha) was almost as effec- 
live as the lower dressing (22.4 kg N/ha) per unit of nitrogen. 

Relative effectiveness of different sources of nutrients: Experi¬ 
ments under the Co-ordinated Agronomic Experiments’ Scheme have 
shown that yS/N was better than the other sources of nitrogen, 
viz., ammonium sulphate, urea and G.A.N., which gave almost 
similar performance. 

, Among the phosphatic fertilizers, superphosphate (single) ap¬ 
pears to be _ the best, except on acidic soils ;where, basic slag may 
be as effective a,s superphosphate. The data on the relative per¬ 
formance of different phosphatic fertilizers on this crop in India 
are, however, lacking. Recent experiments in the Punjab have 
shown that the beneficial effect of fertilizers, such as sulphate of 
ammonia, superphosphate (single) and potassium sulphate, may 
be ascribed _at least in part to the sulphur content in such fertilizers, 
as this nutrient plays a vital role in the control of the yield of this 
crop. 
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rime and method of application of fertilizerr. As the crop is 
•I'lreelv grown under unirrigated conditions and is deep rooted, it 
wn?,1rl imear to be the best practice to apply not only the phos- 
ptoancl potassium, but also the entire dose o nitrogen at the 
E of sowing. As regards the method of application in black 
S Mysore, a mixture of I cwt of ammonium sulphate and 
flineruhosphate is reported to be drilled along with the seed. The 
Ze appears to be the practice in Saurashtra, But, under the 
S me ‘Placement of Fertilizers’ at Dhawar, Mysore, the bes 
mSd was fonud to be plough-solc rniithod of placemen, 13 
cm deep before .sowing. A large number of experiments on 
bceneit of fertilizer have not been earned out, but it would 
ipe r that in many places it would be adequate if the fertilizers 
Se drilled and the .seed dropped with hand m the resulting furrows 
fnllowed bv planking to cover the seed. 

Under irrigated conclitions and in liigh rainfall areas, about 
hall of he total dose of nitrogen could be top-dressed especially 
w re the soil is light and the variety is a long-diiration one and 
5 spreading type. Top-dressing obviates the risk of leaching of 

' oS factors influencing response to feriiUzm-. 

MoLSTtiRE .si'iTLy; It has lieeii experimentally found that 
the responses to N, P and K widi irrigation are about 50 per cent 
biaher than tho.se under unirrigated conditions. ^ Phis is to be 
Sected as irrigation affords control over the moisture supply on 

which fertilizer r(!.sponse depends. ,, , ,, . 

Sou. type: The response to N. P and K on major soil type 

did not vary rniicli among themselves. 

GultuLl puacxioes: The poor stands (low plant popula¬ 
tion) of groundnut generally lower the yield of tlms crop in many 
S The low plant population may also result m lowering the 
response to fertilizer use. The practices whicli improve the germi- 
m Uon and stand of the, crop will, there ore help m making the 
most efficient use of the fertilizer appbed. P ant protection mea¬ 
sures would also help in minimizing the incidence of insect pests 
and disea.se.s, and in favouring the response to fertilizer applications. 

CASTOR 

Castor is generally grown as a rainfed crop though it responds 
to irrigation. It is grown as a pure or mixed crop on _relatively 
poor soil (.sandy or red .soils and rice fallows). As a mixed crop 
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it will share the manuring of the principal crop, such as jowar, 
bajra, cotton and groundnut, in the mixture. 

Although it has low nutrient requirement, application of 
15-30 kg N, 40-6D kg PgOj and 40-60 kg KjO per hectare would 
help to ensure high yield and maintain soil fertility because the 
crop is grown on poor soil. The fertilizer may be drilled at plough- 
sole depth and castor sown in the resulting furrows. 

SESAMUM 

It is grown as a rainfed crop in North India, but as a kharif 
as well as a rabi crop in the southern and the eastern States. The 
crop raised in the rabi season is generally irrigated. It is grown 
either as a pure crop or is mixed with other crops. When sown 
mixed, it shares the manuring of the principal crop,? with which it 
is grown. When grown as a pure crop the crop hardly receive.s 
any manuring or fertilizers. There are also no experimental data 
on the response of the crop to manuringj however, 15-20 kg per 
hectare of nitrogen applied at sowing is expected to increase the 
yield. 

If the seed-bed is sufficiently moist at the time of sowing, as 
is the case when the crop is sown after a pre-.sowing irrigation,’the 
fertilizer may be drilled and seed dropped in the resulting shallow 
furrow of 2.5-3,75 cm deep. The .same practice could be adopted 
when the crop is sown in the kharif after rainfall, Direct contact 
between the seed and the fertilizer must be avoided as the germina¬ 
tion may be impaired.^ When the seed is broadcast the fertilizer 
may also be broadcast in the case of kharif crop. In the rabi crop 
it would be desirable to drill the fertilizer and seed separately. 

LINSEED 

_ Linseed is grown as a winter crop in: India in more or less 
similar climatic conditions as for wheat and gram. The crop is 
grown without irrigation on heavy and deep" black cotton soils, 
retentive of moisture in Madhya Pradesh, Maharashtra, Rajasthan 
and Mysore States and as an irrigated or unirrigated crop on allu¬ 
vial soils in U.P., Bihar and West Bengal. It is also raised as 
utera or paint in paddy fields. It is commonly grown as a mixture 
with' gram, wheat or barley. 

The crop is rarely manured with organics or inorganics in 
practice, However, it responds well to nitrogenous fertilizers in 
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most places, The use of phosphatic fertilizers is also expected to 
be beneficial, provided the fertilizer is placed in the deep moist 
layer of the soil. Very little work, if any, has been done on the 
manuring of this crop in India. 

Fertilizer practices 

Irrisated condiiiotis: If a pre-sowing irription is applied and 
ceed-bed is moist, the fertilizer should be drilled after seed-bed 
. preparation with a plough haying a 
dropped in the resulting shallow furrows of about i-io-o cm, 
depth When a pre-sowing irrigation is not applied conditions at 
sowing under irrigation and unirrigated conditions will be simdar. 
The fertilizer should be drilled deep to lie in moist layer. ^ The 
iflini or the utem crop cannot be directly manured conveniently 
and considerable experimental work is needed before a sound fer¬ 
tilizer practice could be recommended for such a crop. However, 
Mim crop could benefit from the residual effect of phosphate 
applied to paddy at sowing or transplanting and from the_nitrogen 
applied to paddy as a top-dressing. The preceding rice _ crop 
shmild, therefore, invariably be well-manured whenever a paira or 

utera crop is to he taken. t • i t i 

Conditions conducive to jertilmr response: Linseed has low 
irrigation requirement.s and is generally grown on relatively heavier 
soils having good moisture-retaining capacity. Whenever irrigation 
facilitie.s are available, it would be desirable to irrigate the crop 
and obtain high yields through application of high clo.ses of ferti¬ 
lizers Under unirrigated conditions, the fertilizer doses have per¬ 
force’ to be kept low. Similarly, timely sowing and close spacing 
of plants are expected to lead to higher fertilizer response than 
later .sowing of crop with spar.se .stand. 

RAPE AND MUSTARD 

Rape and mustard are generally grown mixed with other c^ops, 
such as wheat, gram and barley, under unirrigated conditions,_How- 
ever, toria is generally grown as a pure crop under irrigation m 
the Punjab and under unirrigated conditions in U.P. Brown sarson 
is also grown pure under unirrigated conditions in the Punjab and 
U.P, In the Punjab, toria follows kharif fallow and generally 
receives no manures. Progressive growers in U.P., green manure 
the field to be cropped with toria. In U.P. brown sarson often 
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month or so before sowing, * manure per hectare a, 
Toria profits from aDDlirnfm« ■ 

20-25 kg per hectare. Brown sarson fertilizers at 

N at 30 kg per hectare. Response to nh “1 ^ 

but a dressing of about 25 kg^P 0 consistent, 

some areas. The fertilizer shonSS L useful in 


luc icimizer snouio not be drilled ■‘ue .seeci and 

geimination and affect the 

COTTON 

About 87 per cent of the area under ronon • t . 

gated. American cotton (G. hirsutum) 

irrigation on the Inclo-Gangetic ^alluvium 

hirsutum) cotton on red soils in ^^mbodia (G. 

k 1^.1,. ,,,1. w Lp, Mr7,h'”“ "t “3 

G. herhaceum lies m Central and Por,;„7 i ^thoreum and 

bw rf. G. 

pans^ of Gujural and Mysore States.^ ° alluvium iii 

The soils on which cotton is crown iv,„» . , 

”“c.”;,oT7J " **■” “ “ ei” n md 

Cotton follows tOTid. ffrdni whpnf nat/, j • ' 

India, In Madhya Pradfsh, Mysore’ m\ 

follows jmmr, or wheat, or groundnut Tn cotton 

in rotation witlv cotton of ligh 

the place of jowar. ® ^ or sesainum takes 

rice fallows in Yndhra PradS importance in 

with maize, iomir^es,^ vVtXs'‘tastw as mixed crop 
Mamirial practices adopted S ft ° 
portion of the unirrigated croo reclii! ^ small pro- 
to a .survey conducted in Madhya 
area was manured with farmyard nTTnMrj, T ^ ‘•’o 

crop is often manured with famvard tn, f^giited 

of fertilizers has been low forThh cron^ 

Kinds of fertilizers Tt Rno i , 

nitrogenous manures or fertilizers is t with 

lertiuzers is the principal need of the crop 
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in parts of Gujarat and Madras, where favourable responses 
0 X phMe haie been recorded. It appears deep.rootmg habit of 

SlC h*. it 10 moot most o( its BtlturcmeMs of 1' tmei K from 

f“, - Ajf-i” trsd; 

ofcol io obvkK tho nootl of any phoiphato to 
Son, oxcep, in of .ci«o pl«ptot. Wmency. 

Sea Island cotton grown on ii small scale in_ Mysore and Kerala 
has been found to respond to all the three nutrients, N, I and K. 

The crop, generally grown on soils of neutral to alkaline re- 
action does not require any liming but on acid soil in Chhota Nag- 
puJ liming is reported to Imvc given encouraging re,suits. ^ 

In the experiments conducted in the pa-st, application of 
2^4 kg N/ha under rainfed conditions returmc 

Under irrigated conditions dose.s as higli 
optimum at Alwhar (Punjab), In Gujarat, 44.8 N mid 22,4 kg 
P„0 are .sugge.sted under irrigated conditions and half the amount 
of nitrogen under unirrigated conditions. Dose of N to be applied 
would in practice depend on the previous crop as wtdi. Where 
crop is grown after a legume the do.se o nitrogen cou d be reduced. 
Hkh doses of fertilizers would lie needed in the case of cotton grown 
in rice fallows or when cotton follows a soil-exhausting crop such 
as jowar, wheat and rngi, under irrigation. I he belief that farra- 
var l manure or compost must be used m conjunction with fertiliz¬ 
ers is not well founded. It would be inore appropriate if avail¬ 
able farmyard manure is applied to cereals grown m rotation with 
cotton rather than applying it to cotton m combination with 
fertilizers or oilcakes. 

i'offlif of nitTO^cn', Nitrogenous fertilizers and oilcakes are 
good source.s of nitrogen. Under rainfed conditions, groundnut 
cake lias been found to be particularly effective as it releases its 
nitrogen gradually for crop u.se. However, because of the value 
of edible oilcakes for cattle feed and their higher^cost per unit of 
N than nitrogenous fertilizers, the latter can gainfully substitute 
oilcakes. 

Among nitrogenous fertilizers, Chilean nitrate has given slightly 
better results than ainmoniuin sulphate in some of the experiments, 
Any of the available source,s, aramotiiura sulphate, calcium ammo¬ 
nium nitrate, A|S|N could be used by paying attention to time 
and method of application. 

318 


manuring of crops 


_ fme of applmwn- Phosphate and potassium, when needed as 
m the case of Sea Island cotton and phosphate in Gujarat on rd soil 
^ invariably be , given at|or before the sowing of 
cotton. The same applies to N when oilcake is used as source of 
nitrogen. For other sources of nitrogen, time of application would 

on blai.k soil an application at sowing would appear to be the best 
As sowing under rainfed condition; have to b coLleted in a 
shoit peuod, apjilication of fertilizers, a few days in advance to 
sowing with seed-bed preparation following pre-Lmoon X^ 
would be more practicable than that at sowing. In lonaer I™ 
tion varieties {herbacem cotton) application at six weeks Xr 
sowing has b(,!fm found to give better results than earlier IppHa- 
tion m Gujarat, For irrigated American cotton in the Puniab a 
split application, one-half at thinning and one-half at cSence 
mont of flowering, was more effective in yield than earliranDll 
(.anon at .sowing which stimulated vegetative growth to a sreater 
extent than the later application, 

MM of application: Pho.sphatic'fertilizers (when used) 

wotld Nitrogenous fertilizers 

i cl . Iso give bl.tter re.sults if drilled, especially in separate rows 
a fevv centimetre,s .away from the seed rov?, and may othetwiseXe 
broadcast. In no case any of the fertilizers are to be mixed with 

might impair the germina- 
tion .inch educe flic .stand of the crop. When a part or the whole 
of the nitrogen i,s top-dre,s,sed, it should be applied along the cot 
ton row.s, followi-d by a good irrigation immediately. Heavy doses 
of^nitiogen applied along the rows, particularly when the plants 
are young, may cause damage to seedlings, if light rain follows 
fertdizer application and irrigation is withheld, ^ 

tie fertilizer response. Soil and clima- 

tie tonclilions influence fertilizer response in cotton. Moisture 

SX’3 andXtT° occurring alone or intermittently 

limit yield and fertilizer re.sponse under rainfed conditions. Excess 

moisture during flowering, turns the plant to vegetative actiSity 

resulting in deduce effeS 
^n h'w! under irrigated conditions too, in areas subject 

to ugh rainfall m the monsoon season. Both moisture conservation 

unirrigated conditions in some 
placra, subject to intermittent drought and flooding during the 
rainy season, because of the variations in the distribution of rain, 
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Black soil is particularly subject to excess moisture in places, such 
as Malwa region, necessitating drainage. I'or moisture consery-a. 
tion in low rainfall areas, the sub-clivision of fields into check basma 
' r basin.li.stiiig is expected to be helpful Restricting the cult,va- 
don of cotton to high-lying fields and adoption o p^ded border 
strips or contour furrows are necessary m areas of cxmss rainfall, 
whether under irrigated or unimgated conditions, to faciht_ate 
drainage Success of this crop in new irrigated areas receiving 
gSd kharif rain depends on careful attepion being pid to dram- 
Salinity andlor alkali conditions m the subsoil is miother 
factor which has been found to inhibit the response of cotton to 

nitrogen in the Punjab, , . 

Under irrigated conditions more frepient irrigations flower¬ 
ing and fruiting in the absence of rainfall improves fertilizer rcs- 

^ Timely sowing is conducive to the highest fertilizer response. 
Earlier sowing generally gives higher response. In later sowing, 
the response can be improved to some extent by clopr spacing of 
plants, The low rc.sponse to rainfed cotton is partly due to the 
fact that sowing is perforce delayed. Transplanting of cotton seed- 
ngs grown in polythene bags or leaf cups, which has given en- 
coiu'agdng results in preliminary trials may help to solve the problem. 

As nitrogen application increases the insect ^attack, adoption 
of plant-protection measure will help m increasing the fertilizer 

The improved methods of cultivation adopted at Amravati 
(Maharashtra) have revealed that with careful preparatory tillage, 
seed dressing with Agrosan before 8oy.ung, hand-weedings and 
hoeing for intercultivation, treatment with ins^ceticides for control 
of common insect pe,sts, and applying farmyard manure at the rate 
of 25 cartloads per hectare and application of UA kg N, 44.8 kg 
P„0. and 44.8 kg Kp|ha at .sowing time with a top-dre.ssmg of 
sid'kg Nlha at the "time of flowering gave a yield of 1,244 kg 
oTkapas per hectare as compared with 463 kg of kapns obtained 
from traditional practices, The net profit obtained with the adop¬ 
tion of these practices was Rs 503 per hectare. 


JUTE 

Jute is mainly grown on soils of alluvial region in 
West Bengal, Ori,ssa, Bihar and mi region^ of U.P. InunOatea 
lands near river bank.s arc very suitable for jute cultivation. I tie 
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soils are gracrally acidic, e,x(:ept the calcareous belt of north Bihar 
vvhicli is alkaline in reaction. Two cultivated species, C. capsularis 
and 6. oluonus, are ^grown, In high-lying fields the land is 
cropped with late varieties of jute and is followed by potatoes or 
pulses. Jute is also grown in rotation with rice, 

M.inuruil practices vaiy considerably in different areas. When 
grown m rotation with potatoes as in Hooghly and the 24-Parganas, 
the residual effect of the high doses of manures and fertilizers 
■upplicd to potatoes is suilicient to obviate the need of any direct 
rnanunng of jute crop. In other cases manuring practice consists 
111 the .ipplication of cowdung at two to four tons per acre during 
land preparation. Water-hyacinth and silt from ponds and tanks 
are ased wherever available. The use of fertilizers has not been 
widespread and deserves consideration for increasing the yield of 
this crop in India, In Chfca, where jute yields are much higher 
1 nn^ 1 ^ fertilizers are reportedly used to supply 

10.3.13 kg N, 146,85 kg P and 325.2 kg per ha. 

. . As the ciop is largely grown on acidic soil, application of lime 
IS found to be beneficial hi such soils. Experiments at the Jute 
Agricultural Research In.stitiite have shown that top-dressing with 
nitrogenous fertilizers^ at 22.4 kg N|ha increases the yield of fibre 
by ...iH..) kgjha m C, oluorius, C. capsularis requires 44,8 kg N 
(ir a still higher dm. In an experiment at the Institute, ‘JRG-212’ 

^ whereas the other varieties, 
MIL good yield with 44,8 kg N as 

with 0/.2 kg JNjha. Top-dre,ssing is advocated because earlier 
application at sowing may lead to loss in two ways, i.e., through 
leaching and through removal of nutrients by plants which are 
thinned out. 

E.xperiments have shown that different sources of nitrogen are 
a]ino.st equally effective in jute. The application of phosphate and 
potassmni has not generally increased the yield of fibre. Phosphate 
application may, however, prevent lodging of plants on light soils 
by proniotiiig root clevelopnient and may be worthwhile when used 
m combination with high dose of nitrogen. Addition of potassium 
may usefully check the diseases and counteract the adverse effect 
or excess of nitrogen. Simple Fertilizer Trials on Cultivators’ Field 
in West Bengal have shown substantial response to potassium on 
the Ganga flat land and on red soil. 

When grown in rotation with potato, which receives heavy 
dose of organic manures and fertilizers, no fertilizer need be applied 
as IS the general practice. 
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SUGARCANE 


About 70 per cent of the sugarcane grown in India is irrigated. 

It is grown mainly without irrigation m Bihar, Assam and West 
Benk. The soils are of, varying texture, ranging between heavy 
black oils of Bombay (Deccan) and sandy loam alluvia soils m 
northern India. Fine-textured .soils are usual y preferred as they 
ie Se retentive of soil moisture. The soil reaction of sugar- 
me soils ranges between acidic in Assam and alkaline m parts 
S u p and the Punjab. The cultural and manurial standards 

much higher in the cultivation of sugarcane in Peninsular India 
thSn those in North India. These, apart from the favourable chma- 
tic factors, are responsible for relatively much higher yields of 

^“^^TS^mp^ri$y^raMured with farmyard manure in many 
narts 0 North India. Nitrogenous fertilizers are becoming popular, 
S the crop hardly receives any phosphatic and potassic fertihzers. 
The fertilizers are used on a fairly large scale m Maharashtra and 

^^Relponse^ to fertilizers. Experiments conducted at the 
Government Research Stations and m Simple Fertilizer Trials on 
Cultivators’ Fields have shown universal response to mtrogen, The 
toease in yield from 67.2 kg N per hectare was 25, 27 and 28 
ier cent over the control in western, eastern and tern Regions. 
When the dose of nitrogen was doubled the increase in yield was 
51-59 per cent over the control. _The Simple Fertilizer Inals wem 
conducted on different soil types in a number of States. The results 

obtained are tabulated on page 323. _ _ _ 

As Indian soils are generally deficient m nitrogen, nitrogen 
application influences tillering, leaf growth and consequently the 
weight of canes. Excess of nitrogen has, however, to be avoided 
as it adversely affects the quality of juice by reducing sucro^ pen 
centage and by increaising glucose. Excess of nitrogen also induces 
lodging of cane with its resultant ill-effects. The dose of 
to be applied will vary from State to State pd m the different 
areas within the States. In North_ India, where growing season 
is relatively short, application of nitrogen hej^een 672-112.1 kg 
Nlha is adequate. In the southern States of Tamil Nadu,^Mysore 
and Andhra Pradesh,^ the dose of N varies from 224.2-336,3 kg per 
hectare in the absence of green manuring. In Maharashtra doses 
higher than these are being used. In the case of otoh crop of 
18-20-month duration, the dose of nitrogen is as high as 504 kgjha. 
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Response of sugarcane in (tonne/ha) .to N, P and K in 
different soils of India 

j 

Soil class j 

1 

IVo. of trials 
conducted 

Average 
yield of un¬ 
treated plots 

,,Response to. 

Nat 67,2 
kg/ha 

PgOj at 
44,8 
kg/ha 

Kfi at 
44.8 
kg/ha 


North India 




Alluvial 

472 

44,0 

, 11.2 

5.9 

3.9 

Hilly 

45 

33.9 

13,9 

6.5 

4.0 

Terai and submontane 

102 

42,6 

14.3 

7.4 

3.4 


South India 







N at 

P,,©, at K,0 at 




186.1 

89,6 

9,68 




kg/ha 

kg/ha 

kg/ha 

Coastal alluvium 

59 

60,2 

7,9 

6.0 

11,3 

Red and black 

45 

77.3 

10.0 

4.9 

6.6 


Among the different sources of nitrogen, viz., ammonium sul¬ 
phate, urea, ammonium sulphate-nitrate, calcium ammonium nitrate, 
the new fertilizers are as good as (and sometimes better than) 
ammmmm sulphate. The locally-available fertilizers should, 
therefore, be used. , 

• In the pperiments under the Simple Fertilizer Trials on 
Luitivators Fields, substantial responses to phosphate and potas¬ 
sium have been obtained, both in North India and in South India, 
irremective of the type of. soil, It also stands to reason that 
with the increasing use of nitrogenous fertilizera, the need foi 
phosphatic and potassic fertilizers will be obvious. In view of 
this, application of phosphate at about 33.6-84.0 kg is recommend- 
ed in map of the States of Central India, Still higher dose up 
to about 112.1 kg P^Og is advocated in Maharashtra and Mysore. 
Application of potassium also forms a part of the recommended 
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schedule in some of the States, ' In Biltar it has been noted that 
some of tile areas show distinct response to potassium. 

Time and method of application. The entire doses of 
Chosph tic and potassic fertilhers .should be applied at the time 
5 In ing. The fertilizers may be applied m furrows just before 
15 S the sugarcane sett,s. Nitrogen apphcation should be split, 
fit 33.6-67,2 kg Niha may ba applied m lurrows and the rest 
S be top.dresl>d in one or two instalments The first top¬ 
dressing may be given about six to eight weeks aftii p anting and 
h it before earthing up, It is important that the top-dressmg 
s n5 unduly delayed as late application would tend to produce 
ineffective tilLrs which will not be carried to maturity. ^ 

Conditions favouring fertilizer respomse. A good germina¬ 
tion and optimum stand of the crop tire niipor ant o obtain the 
best returns from the fertilizers. Use of selected .seed and contiol 
of white ants is also important. The crop should be ^“''Sated fre- 
aiicntly .so that it does not experience a stress at any of the .stages 
Lughout its growth. As the crop can lie grown m rows, frequent 
ntercultures will help in controlling the weiids. Useful weedicides 
have also been developed which can help in the control of ^weeds 
not only in the inter-row .spaces, but also the weeds^ growing m 
the rows which cannot be, controlled by cultural methods. In some 
areas, the yield of caiie and the quality of juice is hah o to be 
affected by conditions of excess water and .salinity. Although 
sugarcane is somewhat tolerant to water-logging and salinity, these 
conditions are not conducive to the best yie d of sugarcane. There¬ 
fore, proper drainage for the removal of excess water may be 

provided, ^ i 

Grccii luunui'iui^* Grctfii helps in inipioving^tiiG 

yield of sugarcane and is advisable where c,ondition.s permit, Since 
growing of the green-manure crop in advance involves the loss of 
a crop season and sugarcane can be grown in widely spaced rows, 
it is possible to intercrop sugarcane with a suitable legume^ and 
turn under tliR green irifitisrinl at the time of cai thing up^ ihcre 
is also evidence to .show that much of the ^beneficial effect of a 
greeii-nuinure crop grown in advance citn^ still be obtained 
.shoot portion of the green-manure crop is used as fodder. The 
beneficial effect of the organic matter content in the roots of the 
countrie,s very heavy yields of sugarcane have been obtained with 
the use of fertilizers alone, without the addition of any organic 
manures, 
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POTATO 

Potato is grown on normal soils, almost wholly under irriga¬ 
tion in autumn or winter in the plains mnd on acid or acidic soil 
under rainfed conditions in summer in the hills. In the Nilgiri 
Hills (South India), two rainfed crops, in addition to an irrigated 
crop on small areas, are raised during the year. In Ghota Nagpur 
Plateau (Bihar) and areas with similar climatic conditions else¬ 
where, a mon.sooii crop is taken on red sandy or acidic soil on a 
small scale. 

Light sandy or sandy loam soils are preferred for the cultiva¬ 
tion of potato. For early crops in the plains, well-drained, light 
soils ai’d an essential pre-requisite, fhe potato is generally in- 
eluded in liigh-intensity rotations, mostly follows a soil-exhausting 
crop, and is manured invariably. 

Most of the farmers apply heavy doses of farmyard manure 
alone or in combination with oilcakes. In some,places oilcakes are 
applied 2,7 j 5'-'3,673 kg/ha. However, in Patna city area where 
potato is grown on heavy soil inundated during the monsoon season, 
neither farmyard manure nor oilcake is applied but a nitrogenous 
feitilizer i.s invariably applied. Although the use of nitrogenous 
fertilizers is becoming increasingly popular, superphosphate and 
pota,ssic fertilizers are not used to any appreciable extent, except in 
the Nilgins, where the fertilizer schedule recommended by the 
State Department of Agriculture is being used exten,sively, 

Bulky organic manure. If available, 25.40 tonnes per hec¬ 
tare of farmyard manure or dung or compost may be applied three 
to four weeks before planting and incorporated in the soil. In 
case potato follows maize which also responds well to farmyard 
manure, the application of the manure could be made to the maize 
crop. 

Wheie farmyard manure is not available, green manuring with 
sannhemp or dJmncha, depending on conditions, particularly on 
light sandy soils, would be de,sirable. However, green manuring 
involves loss of a crop, and may not be an attractive proposition 
to a small holder practising intensive system of cropping. The 
alternative is to grow legume but remove it as fodder. 

Nitrogenous inunurcs snd fertilizers^ Nitrogen is the most 
important nutrient required for potato. Its deficiency is reflected 
m pale-green appearance, premature yellowing of leaves, and stunt- 
ed SEOWth of plants, Its application results in vigorous plants 
with dark-green and well-expanded leaves, and more tubers of 
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IIAJirUlOnii OP JtANURKS AND l'EIlTlUZl:'.IIS 


I'uw si/e, Ri'siionsfi to niti’OROn is nlilainwl on all soils, both in 
th(‘ prt'Hiiiicfj (uul the absence of farmyard manure. Nitrogen may 
be’sunplidtl in tin? form of oilcake or a nitrogenous fertilizer, singly 
or ill conibiruition. Of the two, the fertilizer is the cheaper .source 
of N. 

In the experiments at Central Potato Research Institute, aver¬ 
age increaHC in yield of polatoeH was 4,224 and 5,786 kg to appli¬ 
cation of 275-551 kg of sulphate of ainmonui per ha respectively. 
The response to 918 kg of oilcake, was 2,663 kg of potatoes per 
ha The efl'cct of oilcake tind sulphate of arainoiua in combination 
was less than the .sum of their responses in isolation. Nitrogenous 
fertilizers cam therefore, replace the oilcake almost wholly. 

Early crop.s or late crojis may be given (i0--90 kg N/ha. The 
same applies to main crops in areas of short and mild winter. For 
main crops in areas of long winter 9(1-1511 kg N/ha is advisable. 
Nitrogenous fertilizer .should lie used, cvmi if farmyard manure has 
limi applied as a basal dressing at .about 25.40 tonnes ]ier hectare. 
The actual dose to bo applied within the range will depend on 
previous crop, date of planting, moistine sii])j)ly, (itc. 

With respect to the effect of the different nitrogenous fertilizers, 
it may be getieralizwl that .sulpliaie of ammonia has given the bc,st 
perfoririaiice. Urea and armiioninm nitrate are also good sources 
of nitrogim, Chilean nitrati' i.s ge.nerally less elfeetive. than sulphate 
of ammonia, Ainmoniuin chloride cannot be considered a.s ideal 
N-earrier for potato liecause of its chloride content which is known 
to adversely ailed lltc dry matter content and the (piality of potato. 

Studies oil the time of apiiHcation have .sliowii that early ap¬ 
plication at planting and split application, where a part of the close 
is applied at iilantiiig and tlie rest at earthing up lime, were better 
than late aiiplictuion at eartiiiiig up. The, best iiructice would, 
therefore, be to a[»ply sulphate of immionia (or other iivailabh; 
nitrogenous fertilizer) in farrows at ])lantiug just below the seed 
tuliers, if the rate of application is up to DO kg N/ha. With higher 
doses the entire, tnuiiitity may be broadcast and incorporated with 
the soil hy ploughing a day or so before planting of potatoes; 
alteniatively, do.S(i up to DO kg N/lia should be applied in furrow.? 
at planting and the rest lop-dre,ssed just before the digging opera¬ 
tion which prncedes earthing up. 

To iichieve the. best results from nitrogenous fertilizers optimum 
levels of pluming date, soil tilth and moisture supply should be 
ensured. Too early lilantiiigs, wlieri .soil and atmo.spheric tempe¬ 
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ratures are high, and also delayed plantings which curtail the 
growing season reduce the response to fertilizers. The hrst fort- 
night of October in areas .subject to early frost and the last week 
of October to first week of November in frost-free areas, may be 
con,sidercd as optimum for main crops. Frequent irrigation to keep 
the soil moist are conducive to the best fertilizer response. 

^ IJiospImtic fertilizers. Deficiency of phosphate is charac¬ 
terized by erect and stunted plants with staring habit having dull 
green leaves, closely spaced internodes and small-sized leaflets. In 
contrast, good phosphate supply is indicated by tall plants with 
free-branching habit having bright green, fully expanded leaves and 
leaflets. Phosphate application helps in good root development, 
large number of tubers and early bulking. They are, therefore, 
specially valuable for seed crop, for early crops and late crops, and 
to obtain sizable crops, in spite of early lifting necessitated in these 
cases. 

Majority of potato-growing soils are deficient in phosphate. 
Application of phosphate at 60-90 kg P„ 05 /ha is expected to be 
profitable over a wide range of conditions in the absence of farm- 
ynrcl manure and about 40-60 kg/ha if a basal-dresising of farm¬ 
yard manuic at about 25.40 tonnes per .hectare is applied* 

Experiments at the Central Potato Research Institute have 
shown that, of the phosphatic fertilizers, superphosphate (single) 
gave slightly belter perfoimance than bone-meal. Rock phosphate 
was not eiiectiye in the plains because the soil reaction is nearly 
neutral or alkaline. ' 


with potas.smm) in furrows just before planting seed potatoes, bu 
never broaden,st. Alternatively, a part of the phosphate may bi 
applied to the preceding legume, green manured or removed a; 
fodder. In the latter case, not only is the yield of legume fodde 
potato; sufiicient residual effect left for the use o: 


. yj uv-un; ucin,iKui;y 01 pnospnate is JiKei 

to occur. In such cases heavy doses of phosphate must be appHe 
directly or preferably to the preceding green-manuring crop. 

Potassic fertilizers. Potassium is removed by this crop i 
Iwger quantities than nitrogen and phosphorus. It balances tb 
effect of excess of nitrogen and phosphate, and reduces the inc 
dence of leaf-spot disea.sfi.s and frost injury. 
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In the Western potato-growing countries, the crop enjoys prio¬ 
rity in the allocation of supplies of pot-'«sic fertilizers. On the 
other hand, the crop in the plains of India seldom receives any 
notafisic fertilizers. In the experiments conducted by the Central 
Potcito Rcsctirch Institute responses to potussic feitibzeis weio ob- 
tained in about 33 per cent of the ca,scs. The inconsistent responses 
to the important nutrient calls for consideration of hictors and 
conditions which govern the response to this nutrient. These 
factors are: ia) soil type, {b) application of farmyard manure, 
!c] differential response of potato varieties, and (rf) time ot httmg. 
Experiments Imvo shown thnt intciiisivcly ciiltiviit(-cl, light Stiiicl}- 
soils and lateritic soils respond to potassic fertilizers. 

Apiilication of heavy doses of fannyaid niiiuute, compost or 
dung which contain sub.stantial amounls of potassium may coirect 
the ordinary deficiency of potassium to a large e.’cteut, but applica¬ 
tion of the low dose of potassic fertilizer will still be desirable if 
dressing of farmyard manure are modest or when deficiency of 
potassium is acute. 

Varieties differ in the severity of_defu;iency symploias exhibited 
by them and the response to potassic fertilizers, .At latna, local 
varieties (Phulwa and Darjeeling Red Round) showed niild symp¬ 
toms such as bluish-green leaves, Up-to-date, C,rii.g ,s IRdumcc and 
Furore exhibited bronzing on the leaf smface tuid giadually deve¬ 
loped dark-brown necrotic .spots, marginal le.af scorch and ])re- 
mature dying of leaves. Hybrid 0,N, 22,Ti sliowed yellowing of 
leaves. Response to potaBsic fortili'/fiv wa.s luost pionounced in the 
foreign varieties (Up-to-date, Craig’s Defiance and f urore), less .so 
in ON 2253 and D.R.R- and the least in Phulwa, Varieties 
which bulk rapidly tind produce large-.sized tuliru's evoritually show¬ 
ed .severe deficiency symptoms without potassium and responded 
most to potassic fertilization. 

As potassium deficiency appears in later’stage,? and reduces the 
size of tubers, it would be nonnally exiiccted that potassic requnc-- 
ments of the early and the late potatoes would generally he lower 
than that of the main crop, variety renminmg die same. Since 
variety Up-to-date can be grown as early, late and mam croixs, this 
w u d appaar to bo the case, However, mam crop.? are largely 
grown with Phulwa and D.R.R,, and the early crops and late 
crop.s are grown with varieties of ear y bulking habit. In the plains 
the early and late crop,s arc also suliject to leaf-.spot diseases, such 
“rearly blight and Cermpora, from which the mam crop generally 
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escapes. Application of modest dose of potassic fertilizer in practice 
would, therefore, be important for early and late crops too. 

Briefly stated, application of about 100-150 kg of KjO/ha 
may be applied to varieties, such as ‘Up-to-date’, grown as main 
crop on light sandy or red laterite soil in the ab.sence of farmyard 
manure. The dose may be reduced to half when farmyard manure 
at about 25.40 tonnes/ha is used, or when local varieties are used 
or when a variety, such as Up-to-date, is used as early or late crop 
instead of as main crop. The potassic fertilizer should be mixed 
with the full dose of superphosphate (single) and a moderate dose 
of nitrogen for application in furrows just before planting in fur¬ 
rows or on low ridges. Of the two kinds of potassic fertilizers, 
potassium sulphate ^is preferable to muriate of potash, as chloride 
content of the muriate is not considered to be suitable for potato. 

Mamtriiig of potatoes in the hills. A.s the crop is grown 
under unirrigated conditions the responses of fertilizers will depend 
on the amount and the distribution of rainfall. Fertilizer use will, 
however, still be necessary to obtain good yields. Because of the 
variable responses smaller doses of manures and fertilizers may be 
applied. Application of farmyard manure at 15 tonnes/ha, N at 
60 kg/ha and PgOj at 60 kg/ha may be generally recommended 
for the hills. Application of 30 kg K,0 per hectare in the pre¬ 
sence of farmyard manure and 60 kg per hectare in its absence will 
be desirable, In areas of assured rainfall, the manurial doses could 
be increased by about 50 per cent. As the soils in hills are acidic, 
phosphatic fertilizers, such as bone-meal, could also partly replace 
superphosphate. 

In the Nilgiris in South India, a manure mixture consisting of 
250 kg of groundnut-cake, 90 kg of ammonium sulphate, 158 kg 
of bone-meal, 305 kg of superphosphate and 101,6 kg of potassium 
.sulphate per 0.45 ha, to supply 38.5 kg nitrogen, 97 kg phosphoric 
acid and 50 kg potash per 0,45 hectare is recommended for pota¬ 
toes by the Department of Agriculture, Madra.s, 

Seed and other factors in relation to fertilizer use. Only 
healthy plaints can utilize the nutrients supplied through fertilizers. 
Use of virus-free seed js, therefore, of utmost importance. Moreover, 
seed should not be infected with other seed-borne diseases, e.g,, 
charcoal rot, bacterial wilt and brown rot, black scurf, etc. Pre¬ 
sprouting of seed increases fertilizer response, and is .specially im¬ 
portant for all potatoes, The sprouts should be .short, sturdy and 
thick, If freshly harvested seed is used it should be treated with 
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dorraancy-breaking chemicals such as thio-urea, Late blight and 
other diseases and insect pests should be controlled to obtain the 
best results from manuring. 

As potato is tolerant to soil acidity, the pH of soil is seldom 
so low as to need liming. 


TOBACCO 

Tobacco is a transplanted crop. The manurial requirements 
of the crop in. the field differ with the kind of tobacco and the 
purpose for which it is grown. The requirement of seed-bed manur¬ 
ing, however, does not differ materially with the kind of tobacco. 
JV. liibaccm is grown for cigarettes, cigar, cheroot, bidi, hukka, 
chewing and snuff purposes. N. rusiica is grown for hukka, chew- 


„ . Predominant soil Irrigated or 

Purpose Areas conditions not 


Cigarette 

Andhra Prade.sh 
(Guntur, Krishna, East 
and West Godavari 
districts) 

Heavy black soil Unirrigated 


Mysore 

Sandy to sandy 
loam 

Irrigated 

Cigar 

Cheroot 

South Madras 

Light gravelly to 
.sandy loam 

Irrigated 

Bidi , 

Gujarat (Kaira and 

Light to medium 

Irrigated in 


Baroda districts) 

clay loam 

years of low 
rainfall 

Hukka' 

Nipani Zone 

Silt loam 

Irrigated once 
or twice 


Bihar, West Bengal 

Sandy loam to 
loam 


U.P. and Punjab —do— Irrigated 
Chewing , Almost all States, parti- Gravelly to sandy Irrigated 
cularly Madra.s and loam 
Kerala 
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ing and snuff purposes. The purposes for which tobacco is grown; 
areas in India and soil conditions are tabulated on page 330. 

Besides the above, in Andhra Pradesh, two well-known types, 
Lanka, and Natu, are also grown exclusively for making hand- 
rolled cheroots. 

Flue-cured tobacco 

Seed-bed manuring'. Nurseries raised on sandy soils of Bapatla 
and Chirala (Andhra Pradesh) do not generally receive any farm¬ 
yard manure. Ammonium sulphate at 16.8 kg/ha is applied soon 
after germination. Subsequently, 22.6-45,3 kg of the fertilizer are 
applied periodically according to the growth and vigour of the 
seedlings and the colour of the foliage. About 448-560 kg/ha, of 
the fertilizer is used in all. 

Recent experiments at the Central Tobacco Research Institute 
have shown that on heavy black soil of Andhra Pradesh, applica¬ 
tion of 13,6 kg N combined with application of heavy dose of 
farmyard manure as a layer over the top surface was highly ad¬ 
vantageous in producing early and larger , number of healthy and 
vigorous transplants. 

In the U.S,A,, fertilizer mixtures are used in high doses in 
nursery beds. Applications of as high as 0.227-0.908 kg per 
0.859 of 4-9-3 mixtures are applied to cigarette tobacco nur¬ 
sery beds. 

Manuring the field. The crop ha.s low nitrogen requirements. 
Excess of nitrogen must be avoided as it spoils the quality of leaf 
as indicated by the reduction of bright grades of cured leaf. Some 
growers of flue-cured tobacco apply three to five tons- of farmyard 
manure per acre supplemented by groundnut cake. In Andhra 
Pradesh, many farmers apply 112-224- kg of fertilizer mixture sup¬ 
plying + 11,2-22.4 kg N, 56-84 kg PjOj, apd 13,4-40,2 kg 
KjO per hectare. 

Experiments conducted by the Central Tobacco Research In¬ 
stitute over a number of years show the relationship between nitro¬ 
gen^ and initial fertility status of the soil and rain received after ’ 
fertilizer application. In seasons when there was rain after ferti¬ 
lizer _appHcation, the response to nitrogen fertilization was evident. 
Application of 22.4 kg N per hectare at Rajahmundry was gene¬ 
rally economical, but not at Guntur. Earlier experiments at 
Guntur, however, did show substantial response to nitrogen. . 
Although direct response to nitrogen depends upon the rainfall 
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after fertilizer application there is evidence to show that nitrogen 
application even in low doses leaves substantial residual effect on 
the following crop of tobacco, 

Experiments at Guntur and Rajahmundry over a number of 
years have not shown any favourable response to applications of 
i^hosphatic and potassic fertilizers. There is, however, some indi¬ 
cation that phosphate application at 13 to 1.5 cm'depth helps in 
Improving the proportion of bright grades of tobacco. In Mysore, 
6,,53n-li5.')0 kg of farmyard inanure, about 56 kg ammonium 
sulphate, 1G8 lig superphosphate and 33,6--74 kg potassium sul¬ 
phate per hectare are applied. The inconsistent response to nitro¬ 
genous fertilizers and the absenct; of responses to phosphate and 
pota.ssium on heavy black soil may be partly ascribed to the fact 
that the crop is wholly grown under unirrigated conditions, after 
the. cessation of the monsoon rains. Fertilizers applied, at or near 
planting, iluirefore, remain in tlio dry soil layer (even when they 
are applied in the furrow at 5-7.3 cm deiitli). The application 
by broadcast method would be still less effective (the practice 
which ifi quite common with the grorvers). Recent placement ex¬ 
periments at the Gcntral Tobacco Research Institute suggest the 
po.ssibility of improving the yield and the quality of cigarette to- 
bacco by proper fertilizer placement, improving the physical con¬ 
ditions of soil, and soil moisture conservation through mulching. 

Cigar ami chewing tohacco 

Secd-hed mmmn^\ The seed-hed.s are commonly manured 
will) 25.1l)0"75,!l()0 kg'farmyard manure per liectare. Experiments 
at the Cigar and Clwroot Tobacco Research Station, Veda.saudur, 
suggest that 18.193 kg solved farmyard manure, 9(:).7 kg ammo¬ 
nium sulphate, 181.9 kg superphosphate and 90,7 kg .sulphate of 
potash would form good basal dre,SRing. 

Manunnii of the crop in the field-. Cigar and chewipg tobacco 
reciuire heavy manuring and arc normally manured with 37,650- 
5 (1.200 kg of farmyard manure per hectare applied a month before 
transplanting. In some case.s, sheep and goat folding is done but 
fertilizers are not generally used. 

Although heavy application of organic manure is conducive to 
high yield consistent with good leaf quality, there is considerable 
scope for supplementing farmyard manure with inorganic nitro¬ 
genous fertilizers or partially replacing the dose of farmyard inanure 
bv nitrogenous fertilizers. Studies at Cigar and Gherrot Tobacco 
Research' Station, Vedasandur, revealed that the optimum combi- 


, nation was farmyard manure at ten tonnes supplemented with 
112 kg of nitrogen per hectare irrespective of the source of the 
fertilizer. Higher doses of faa-rayard manure increase costs with¬ 
out commensurate returns in yield. 

Potassium is an important fertilizer element for cigar tobacco 
as it influences the physical quality of leaf and the smoking quality. 
In the U.S.A. and Canada, 134.9-224 kg KjO per hectare are 
generally applied. However, experiments at the Cigar and Cheroot 
Tobacco Research Station, Vedasandur, did not show any favour¬ 
able response to potassic fertilizers. 

Phosphate is required in low quantities 9-18 kg P^Oj, but is 
invariably applied in other countries at the rate of about 89,6 Ppj 
per hectare. On the other hand, experiments at Vedasandur have 
not justified the application of phosphate from any of its carriers, 
i.e., superphosphate, bone-meal or rock-phosphate. The absence 
of response to phosphate and potassium may be due to one or 
more of the following three causes; (a) the presence of adequate 
quantity of these nutrients in the soil, (b) calcareous nature of the 
soil which limits the absorption of potassium, and (c) application 
of farmyard manure in high dose,? which supplies considerable 
quantities of P and K. 

All the sources of nitrogen, viz., ammonium sulphate, ammo¬ 
nium sulphate-nitrate, Chilean nitrate, groundnut cake and ammo¬ 
nium sulphate -j- groundnut cake, have been found to be equally 
effective. Half the dose of nitrogenous fertilizer may be applied 
5-7.5 cm deep just at planting in a single band, 5-7.5 cm away 
from the plant and remaining half as top-dressing, six to seven 
weeks after transplanting. 

Hukka tobacco. Hulcka tobacco is manured with farmyard 
manure at 37,6513-50,200 kg per hectare, with or without ground¬ 
nut cake. Sometimes sheep and goat folding is done. 

Manuring of N, tahaeumi At Ferozepur (Punjab), applica¬ 
tion of 112 kg N per hectare appeared to be the optimum. Higher 
doses caused some injury to the crop. The doses .of farmyard 
manure could be safely reduced to 12,550-25,100 kg per hectare 
by supplementing it with nitrogen. At Pusa (Bihar), 56-168 kg N 
per hectare was found to be the optimum depending upon soil 
fertility. At Dinhatta (West Bengal), 112-168 kg N per hectare 
gave the best results. Phosphate application did not influence the 
crop performance and potassium tended to depress the yield.: 
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Nitrogen ciui best be applied in ^ two closes, half at planting ' 

and half lioforc flowering, to avoid injury to the plants and to 
obtain the best response, 

In tlic (!xi)(!rimi;nts at Ferozepur, the different sources of 
nitrogen gave alrnost similar performance. At Dinhatta, early 
planting (in October) and clo.se spacing 60 cm X 60 cm were the i 

rao,st responsive to nitrogen manuring. i 

Mamiring «f A. rmlicti,* At Ferozepur, 56-112 hg N per 
hectare was found to be the optiinuin. In recent experiments at 
the Indian Agricultural Research Institute, New Delhi, the opti¬ 
mum dose was about 134.4-224 kg N per hectare over a basal 
clo.se of farmyard manure at ilic rati; of ten cartloads per 0,45 ha. 

At Dinhatta, 168 kg N per hectare over a basal dose of 5,020-7,530 
kg of farmyard manure per hectare gave the be,9t results. Phos¬ 
phate was generally without effect in the lixperlments at the 
I.A.R.L, pottt.ssium tended to depress the yield. ■ 

Different sources of nitrogen gave almost similar performance. ' 

Fractional application, half at transplanting and half at flower¬ 
ing, was ino.st effective, Application of fertilizers in the plough 
furrow was better tlian broademst application. 

Bidi tobacco 

Seed‘heil mmumg. Experiments at the Bidi Tobacco Re¬ 
search Station, Anand, have shown that farmyard manure to supply 
44.8 kg N per hectare plus ca.stor-cake to supply 134,4 kg N per 
hectare, gave the best results. Castor-cake .should be mixed with ‘ p. 
.soil at least a week before .sowing. If the growth of seedlings is 
unsatisfactory, .sulphate of ammonia at the rate of 22.4 kg N per 
hectare .should be applied when seedlings are three to four-week 
old. The application is to be repeated seven to ten days later, if 
nfice,s.snry. 

Matiurlns in the ficlii The general practice is to apply 25 
tonnes of farmyard manure per ha with the onset of monsoon rains. 

Oilcake (groundnut or castor), 362.8-453.5 kg is also applied. 

Some farmers apply, in addition, 179.2 kg|ha ammonium sulphate 
10-15 days after transplanting. 

Experiments at Bidi Tobacco Research Station, Anand, have 
shown that on noradu soils, 179.2 kg|ha is the optimum economical 

^Certain walls ia ilie I’mijab and U.P. ara reported to contain consider- 
abla ammint* of iiilratM. The timility of irrigation water should, therefore, 
he taken Into nccoiiut in fixing the dose of nitrogen for liukka tobacco. 
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limit, P and K were not found to produce a favourable effect on 
the growth and the quality, Oilcakes and nitrogenous fertilizers 
were better sources of nitrogen than farmyard manure. Half the 
dose of nitrogen could be applied as groundnut cake and the other 
half as nitrogenous fertilizers. Of the fertilizers, ammonium sul¬ 
phate was the best, closely followed by urea, Chilean nitrate was 
not suitable, Sheep folding (5,000 units) was found to be as 
good as 179,2 kg N per hectare. Tobacco stem-dust was not 
found to be a suitable source of nitrogen. 

Drilling half the dose of groundnut cake at 5 to 7.5 cm 
depth and the other half at 7.5 to 10 cm depth proved superior 
to broadca.st application. The entire dose of the fertilizers should 
be applied before transplanting. 

Conditions influencing fertilizer response-. A good crop stand, 
timely planting, control of Orobanche (a root parasite), timely 
de-suckering (in the types which are topped), moisture conservation 
and deep placement of fertilizers in the crops which are not irrigat¬ 
ed, and optimum irrigation in the types which are irrigated are 
specially important for obtaining the best response to fertilizers. 

FODDERS AND , GRASSES 

The fodder crops grown in India may be divided into five 
classes: 

Kharif legumes: Gowpeas, moth, kullhi, guar, sannherap 

Kharif non-legumes: Maize, jowar, Sudan gxm, bajra, teosinte, 
swank, ragi ' \ 

Rabi legumes: Berseem, senji, shaftal, niethri, field peas, ca/, 
pillipesara 

Rabi non-legumes: Oats, rabi jowar, rape, turnip 

Perennial legumes: hume 

Perennial gras,scs: Napier grass, Guinea grass, Sudan grass, Para 
grass, Rhodes grass. 

The annual fodders may be, grown pure or a non-legume and 
a legume may be grown mixed. For example, the common mix¬ 
tures are maize and cowpeas, jowar and guar, berseem and rape, 
berseem and oats, and oats and peas. In the case of grasses too, 
legumes could be intersown to obtain more nutritious fodder and 
increase fodder yield. .Mixtures of Rhodes grass and lucerne, 
Napier grass and senji, Para grass and cowpeas, Para grass and 
■ vetch may be mentioned 
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Kharif foddfirs may be grown in the monsoon season without 
irrigation but they are irrigated when grown in early summer. 
Rak fodders are invariably irrigated. 

.Annual fodders are quick^growing crops and are grown under 
eonclitions of assured rainfall or irrigation and have sometimes to 
bii taken as a catch crop so that a main crop in the rotation is not 
sacrificed. Tlviy should, tlierefore, be manured liberally, Some 
of the growers generally apply heavy do.'ics of farmyard manure or 
dung. Fertilizer use i.s generally restricted. Tiiere is considerable 
scope for fertilizer use in these crops _to improve the yield and the 
quality of crops, and reduce the requirement.^ of farmyard manure. 

In the case of legumes, annuals or perennials, the dose of 
nitrogen could be reduced to the barest minimum. Except in 
legumes, such as berseera and lucerne, where application of a 
low dose of nitrogen is desirable, it i.s not necessary to apply a 
nitrogenous fertilizer. It is, liowever, essential to apply liberal 
closes of supeiphosphate. Application of potassium may not be 
always necessary as application of farmyard manure at ten tons 
per acre may supply the needs of thR.se crops for potassium. 

On acid soils, a.s in the hills and plateau aren,s, the soil must 
be treated with lime not only to correct the soil acidity for improve- 
ing the rhizobial pcjpulation, nodulation and growth of the legume, 
but also for improving the uptake of calcium by the crop and the 
quality of fodder. ’ Lime requirements of the soil could be worked 
out with the aid of soil tests, ^ 

In the case of non-leguminoiis fodders, the principal need of 
the crop is nitrogen in sulxstaritial nmount, which stimulates vegeta¬ 
tive growth and increases the protein content, Application of a 
moderate dose of phosphate is also desirable for balanced growth 
of tire crop and the ariinial.s that feed on the fodders. Liming of 
tlm acid soils is also necessary to increase the uptake of calcium. 
In the case of perennial gras.ses, nitrogen apjilication will be neces- 
,sary every year. 

When legume,s and noii-legume.s are mixed, it would appear 
to be dfsirable to apply farmyard manure in substantial quantity 
and give only supphmientary dose of nitrogen and phosphate in 
the ratio of tlie relative area expected to be occupied by the non¬ 
legume and the Itjgurac on full growth. 

Mnnurial requirements of important fodders 

Cowpm: Cowpea is sown during April to September alone or 
ill a,ssocialion with maize, and harvested in aliout two to two and 
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• a half montii after sowing. Irrigation is necessary in the crop 
grown in the pre-monsoon season. Superphosphate at the rate of 
- 30-40 kg PPi; per hectare should be applied in the case of pure 
crops before sowing. 

Guar: It is relatively more drought resistant than cowpea and 
is susceptible to excess water, Its cultivation is restricted to the 
western parts of India. Application of phosphate not only increases 
yield of guar, but also that of the succeeding rabi crops. A dose 
of 40-60 kg P 2 O 5 per hectare may be given. 

Maize: Maize is sown from middle of March to end of July. 
The fodder is ready in about two months. It requires heavy 
manuring and adequate moisture supply, but cannot stand water¬ 
logging. Farmyard manure at 15.24-20.32 tonnes|ha or 60-80 kg| 
ha, in the form of nitrogenous fertilizers may be applied in two split 
doses. In the absence of farmyard manure, superphosphate may 
, also be applied specially if cowpea or velvet beans are sown mixed 
with maize. ' 

Jowar: It is grown extensively both under rainfed and irrigated 
conditions alone or mixed with legumes,^ such as cowpea, guar, 
moth and rnung. It is sown during April to early August. For 
pure crop, 80 kg N|ha may be applied. 

Sudan grass: The crop, when sown in March in North India,, 
gives half a dozen cuttings and matures during October-November. 
Application of 100-120 kg N|ha may be made in three ecjual instal¬ 
ments during spring till the middle of August. 

Berseem: Berseem is grown under irri,gation in the Punjab 
extensively and is becoming increasingly popular in the adjoining 
States as well, It is sown after maize or jowar fodder which releases 
the field, relatively early, for timely sowing of the crop in October. 
On fields where berseem is grown for the first time, seed inocula¬ 
tion with Rhizohkm culture is essential, The culture can be 
obtained from the Ghernist, Bacteriologist or Micro-biologist of the 
State or from the Division of Microbiology, I.A.R,I„ New Delhi. 
If culture is not available, about 100 kg of surface soil from _a field 
cropped with berseem in a previous year may be spread uniformly 
on the field. At least 10.16 tonnes of farmyard manure ,per hectare, 
if available, may be applied a few days before sowing. A clay or 
so before sowing 80-100 kg P 205 |ha as superphosphate should be 
applied and incorporated in the soil with ploughing. At the time 
of sowing 15-20 kg N in the form of a nitrogenous fertilizer may 
also be applied, If oats or sarson are sown mixed with berseem, 
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the dose of nitrogen may be increased. Frequent irrigations are 
necessary for obtaining good fertili'/er response and high yields. 

Senji and Methra: They are usually sown after maize or inter- 
sown with cotton, The crops have lower irrigation requirements 
than berseem and arCj therefore, preferred under conditions where 
water Kupidlfts are inadequate. They arc usually grown without 
fertilizers and manures. ‘When grown after miiize, 30-40 kg 
kOfjha may be applied before sowing of the fodders, When inter- 
sown' in cotton it would appear to be desirable to drill the phos¬ 
phate before the .sowing of cotton. 

Ouiy. It is .sown during October-IJeceralKm as an irrigated 
rabi crop after maize, jowar, cowiicu or g««r, A dose of 60-B0 kg 
N|ha .should be split and oiie-lialf applied before sowing and the 
rest after the first cutting. Oats can also be sown as mixture with 
common vetch (Ficia Miva), peas, xenjL lucerne and bereeem. 
In such cases it i.s imperalivri that application of phosphate is not 
omitted. 

Tcosinie: Teo.sinte is t'lo,sely related to cultivated maize and 
requit'c.s rich, wiill-drained soil, (iO-OQ kg N|ha may be applied 
ill two equal splits, the first before sowing and the rest when the 
crop is knee-high. 

I’crcnnial fodders 

Lueme: Once ostablislaxl, it can give green fodder for three 
or four years for most of the yttar. Farmyard nnmure at the rate 
of 20 tonnes or mom depending upon availability per hectare can be 
applied a month before sowing. Before sowing 100-120 kg I^Orjha 
in the fonn of 8u])erpbosphale (.single) may be drilled. Siib.se- 
ciuentiy, in S(!pteml)cr every year, superpho.sph:ite may he drilled 
in between tins lucerne rows. The croi) should be irrigated fre¬ 
quently and keiit free of weeds to obtain maximum response to 
the manures and fertilizijrs, 

Napier or Elephant firrar. It require.s warm and moist climate 
and can be grown on a variety of soils. Being a heasy yiclder, 
tonneslha of well-rotted farmyard manure and 60-80 kg 
P„<T|ha in the forni of superpliosphatc (single) .should be applied 
before planting, This should be followed by top-dressing annually 
with nitrogen at 1.50 4 00 kg|ha in three or four equal dose.?. The 
crop can be intercropped with annual grasses and legumes during 
winter when Elephant gra.ss i.s dormant, 
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Pusa Giant Napier'. A hybrid between Napier grass and barn 
has been recently released, It gives very high yield and responds 
to heavier doses of manures and fertilizers, About 200-250 kg 
N|ha in combination with 60 kg of PjO^ and 60 kg of K 0 may 
be applied for realizing the full potential according to the growth 
capacity of the hybrid. 

Para grass'. It can grow under conditions of excess water and 
requires frequent irrigations, Under sewage irrigation it has given 
as high as 2,100 q|ha yield in seven cuttings. It responds to 
heavier doses of N, About 15.24-20,32 tonnes of farmyard man- 
ure|ha supplemented by 120-150 kg N may be applied. The ferti¬ 
lizers may be applied in three or four equal instalments. 

Rhodes grass', About 10.16-15,24 tonnes of farmyard manure, 
100-120 kg N and about 40 kg PjO, per hectare should be applied. 
The nitrogen may be applied in two equal doses, one after spring 
and the other after commencement of the monsoon, 
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Ai'i’FNDix 1. Average analysis of imfoutant plant food 

MATERIALS AND AMENDMENTS 


Matdiiil 


Nitrati; of potash (/O 
Ammonium phosphate (tnJ '/(> 
Urea 

Nilvatii of soda 
Ammonium, sulptiatfi ^ 
Aranioniura .suliiham-nitmie 


NitrogiTi Phosphoric Potash 
(N)\ arid (PA) (KA) 


Fcriilkers 
.. 840 

) .. I74(i 
.. 4fi 
.. 15-lfi 
.. 20 .() 


Ammonium nitrate 


C'lalciiini cyanamlde 
Galrium nitrate .. 

Niti'oliine 

Sup(iri)hD.spliat(; (single) 
Hyperpiiospluite 

Basic slag ■■ •• • 

Supeiphosphute (con(:i!iitrated) 
Mineral phospliate (various 


26 

19.5 (NIVN) 
and 

6.5 (NOtN) 
52-33 

(half NO., 
and 

halfNH,) 

1B-2(I 


16-20 
26 (90% 
citrate 
.sohiblfi) 
M-IB 
40-50 


Muriate of potasli .. 

Sulphate of potash .. 

Liquid animoiiiu 

Omanic 

Gastor'Cake • ‘ '' 

Cottonseed calm (undecorlicated) 
Kmnj or cake 

Mfiihua or ippi oake 
PJeem oake . 

Safflower cake (undecorticated) 
Cooonut mike - > * • 


nmnum 

4.3 

3.9 

3.9 
. 2.5 

5.2 

4.9 

7.3 
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Appendix 1. (Condd) 


Material 


Pambo cake 

Linseed cake 

Niger cake 

Rapeseed cake 

Safflower cake (decorticated) 

Sesamum or til cake 


Dried blood .. .. 10.0 

Fish manures ..4.0-10.0 3.0-9.0 

Bone-meal (raw) .. 3,0-4.0 20,0-25,0 

Bone-meal (steamed) 1.0-2.0 25.0-30.0 

Bulky organic manures 

Farmyard manure .. ..0,5-1.5 0.4-0,8 

Compost (urban) .. ,. 1.0-2.0 1.0 

Compost (rural) .. .. 0,4-0.8 0.3-0.6 

Green manure (various analysis) 0.5-0,7 0.1-0.2 


Nitrogen 

(N) 

Phosphoric 
acid (PjOg) 

Potash 

(KA) 

.. 4.9 

1.6 

1.9 

.. 5.5 

1.4 

1.3 

.. 4.7 

1,8 

1.3 

.. 5.2 

1.8 

1.2 

.. 7.9 

2.2 

1.9 

.. 6.2 ^ 2.0 
of animal origin 

1.2 

.. 10.0 

1.5 

1.0 


0.3-1.5 


0.54.9 

1.5 

0.74.0 

0.84.6 


Nitre earth 
Sea bittern 

Monoammonium phosphate 

Diammonium phosphate 
Dicalcium phosphate 

Kotka phosphate 

ODDA nitrophosphate 


PEG 

Trichy phosphate 

Singhbhum phosphate 
Basic' slag 

Calcium mterials 

Basic slag 
Limestone 

Gypsum (80% pure) 


.. 5.8%(N03)., 

.. .. ' .. 5-15 

.. 11.0 48 (water 

soluble) 

.. 21.0 53 U 

. . .. 34 (citrate 

soluble) 

.. .. 16 (water sol. 

4 -citrate sol.) . . 
.. 20 ' 20 (half water .. 

sol., half 
citrate sol.) 

,, 16 20 (citrate sol.) .. 

.. , .. 30-35 

(total PAs) 

.. .. 20-25 („) 

.. , .. 4-8 („) 

{Calcium per cent, CaO) 

40-45 

40-45 

30-33 
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Ah'DKIiis 2. Mixino di’ I'I;rtii.izejw 


7" ()1 0 0 X .'> + p*!*:*'*™ 

1 4.. 4.. 0 (I ■!- « I- f' 'I , 

() 0 ’■■' -*• " "i‘ "I -I- “i' '• Animoniurii sulphate-uitrati; 

"I" ;! T j-i X (') y ,.j. -i- (i I) (Aiicinifi amnioniuni nitiate 

I , A '/ ,.i. X -j.. f 4 . 0 Siili'iluitf! of ainnionia 

1 0 1 i -I’ ''' •!' y X *' ** Calcium cyanatnide 

”[ I 1 V V 4. X -}• (1 4' f> X Suporphonphatc 

t j. 4 . 4 . C + X >■; X H- '' 

!.! I ■/ ,j, 0 0 0 4 0 RhoiKinia piiuspliulc 

■ ' ' " ”' I ij,. 1 A. li 4.1- 0 I’otash iniis'iicsia (Patcntkali), 

+ ' Rulpham of ^potash 

I. j. .1 . 1 .. 0 . 4 .. 11 0 |- 0 Kaiiiite, 40'4 [lotash salts, 

' ,10% polash salts ami 

1)0% potash salts 

4 -!■ -I -i’ + +' -I' -I- 'I' '* llypei'ijhdsphate 



+':5F(;iailizi'r3 which can be 
ntixotl 

sf :rr)lM!i'tilizers which cannot 
Ilf! mixed 

0--Fei-tilizcrs which can be 
mixed hut must be ap- 
lilicd within three days, 
at the most, after mixing. 


APPENDICES 


Appendix 

3. Location and quality of limestone available 

TN THE COUNTRY 

Stale 

District 

Analysis: Per 
SiO. CaO 

Remarks 

MgO 

Andhra 

Kurnool, 

10-13 46-47 

Ti'ace-0,9 

Pradesh 

Assam 

Hyderabad and 
Vishakhapatnam 
Khasi Hills and 

0,5-2 50-53 

0,7-1 

Bihar 

Garo Hills 
Snhabad, 

8-15 44-50 

0,5-2 Siliclous 


Hazaribagh, 
Palamau and 


Gujarat 

Singhbhum 
Junagadh and 
Banas 

0.8-4 

51-53 

40-53 

0,6-0.9 Chalk 

Madhya 

Jabalpur, Durg 

1-9 

0 .2-2 

Pradesh 

and Bilaspur 


53-54 

0,2-8 Crystalline 

Tamil Nadu Tiruchirapalli, 

0.5-2 


Nellore, Salem, 
Madurai and 



limestone 


Ramanathapuram 


50-54 

Trace-3 

Maharashtra Mudhol (not 

1.6 


district) and 
Yoetmal 



1 Crystalline 

Mysore 

Shiraoga, 

2 

50 


Chitaldrug, 

Tumkur, 

Mysore and Bljapur 

Orissa Sundargarh, 1-10 49-53 0.5-3 Dolomitic 

Sambalpur and 
Koraput 

Punjab Patiala and 3-3 51-53 I-l .. 

Ambala , 

Rajasthan Dund, Jodhpur 7-15 44-45 0.1-0,9 

and Udaipur 

Uttar Mirzapur, .... 

Pradesh Dehra Dun and 

Mussourie_ 

(not district) 

West Bengal Darjeeling Crystalline 

(Western Dims) (at, present 

inaccessible 

dolomitic) 
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AfI'ENDIX 4. Neuthawzing, values of different liming 
materials (CaCO^ as 100) 


I 


Limestone (natural) 


» 1 

57-95 

Calcium hydroxide 

.. 

» * 

135 

Calcium oxide 

., 

• • 

178 

Magnesium oxide 
Magnesium carbonate 

, , 

• « 

.. 

250 

119 

30-70 

... 

Wood-ash 

_ 



Afpendix 5. 'EcmvAuiNT acidity’* of some of the 

COMMONLY USED FERTILIZERS 


Fertilizer 

Per cent 

N 

Equivalent 

acidity 

Ammonia, anhydrous -• 

82,0 
< 1,1 n 

148 

128 

60 

0 

110 

Ammonium chloride 

Ammonium nitrate 

33.5 

Ammonium nitratc-limesloneT • • 

20.5 

Ammonium sidlihate ■ • • • 

zu„) 

2 (i.O 

45.0 

93 

Ammonium sulpbatcmitrate 

Urea ■ • ' • " 

' 80 


*‘Ec!uivalpnt acidity' is the number of parts by weight of 
cidciuin carbonate (CaCO,) required to neutralize the acidi^ 
resulting from the use of lOO parts of the fertilizer matem. For 
example, ammonium sulphate has an equivalent acidity 10. _It 
mS themte, 110 % of calcium carbomue to neutralize .the 
acidity developed in the soil by the- use of 100 kg of ammonium 

calcium ammonium nitrate and other 

names, 
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Appendix 6. Limestone conversion factors 


Per cent 


Per cent 

I 

Factor 

Ga 

to 

CaO 

Multiplied by 

1.40 

Ga 

to 

Ga(OH)„ 

)} 

1.85 

Ca 

to 

CaCO.^ 

)) 

2,50 

Mg 

to 

MgO 

5) 

1.67 

Mg 

to 

Mg(OH)„ 

»» 

2.42 

Mg 

to 

MgCO., 

J) 

3,50 

Mg 

to 

Ca 


1.67 

Mg 

to 

CaCO.. 

>> 

4.17 

MgO 

to 

CaCO., 

» 

2.50 

MgCOj 

to 

CaCO, 

. 51 

1.19 


Appendix 7, Uptake of calcium by plants and crops 


Name of 
crop plant 

Average yield (kg per 0,45 

1 hectare) 

Amount (kg) of 
calcium removed 
per 0,45 hectare 

Ca 

■ 

GaCOj 

Berseem 

18,636 (entire crop) 

52.3 

130,7 

Coffee 

For 100 young Cassi’a-sralu'ca 
bushes during 5 th year of 
growth 

5,5 

13,7 

Cotton 

2,727 (cotton and stick) .. 

20.4 

51,0 

Groundnut 

1,682 (entire crop) 

29.5 

: 73.7 

Lemon 

For 160 trees 

103,0 

258.0 

Maize 

2,727 (grains and straw) .. 

40,0 

100.0 

Orange 

For 160 trees .. ■ • 

90.0 

227.0 

Paddy 

2,727 (grains and straw) .., 

14,5 

36.2 

Pineapple 

For 32 tonnes ‘. * • 

128,0 

310.0 

Potato 

11,363 (entire crop) 

, 34,0 

85.0 

Sugarcane 

18,636 (entire crop) 

16,3 

4l,0 

Tea 

For 1,000 kg, of made tea .. 

5.0 

' 12.5 

Tobacco 

773 (dry leaves and stalk) .. 

63.6 

159,0 

Wheat 

1,818 (grains and straw) .. 

10,0 

25.0 
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Ai'i’ENDix 8, Relative availability in the soil of limestone 

I'AimClLES OF DIFFERENT DEGREES OF FINENESS 

j Percentage available 

Fineness of particles : within 


! 

1-3 yrs 1 

8-12 yrs 

Held on 20-mesh screen 


20 

50 

Throiigli 20-mesh screen but hek 

on 



60--mesh screen 

, , 

60 

100 

Through 60--mesh screen 


100 

100 

Ai'I'Kndix 9. .Approximate amounts of 

FINELY GROUND LIME- 

STONE* NEEDED TO RAISE THE pp 

OF AN 

18-cm layer of soil 


Limestor 

le requirements 


(kg per 0,45 hectaref) 

Soil regions tiad texture 

---- 


- -... 

' 

From pH 

From pFI 

From pH 


.3,5 to 4.5 

4,5 to 5.5 

5.5 to 6.5 

Soils of wann-leinperate and tropi- 




cul regions i 




Sand and loamy sand .. 

243 

243 

364 

Sandy loam 

§ 

446 

610 

Loam 

g 

683 

890 

Silt loam 

s 

1,100 

1,300 

(Hay loam .. 

s 

1,375 

1,740 

Muck 

2,260 

3.040 

3,480 


*A11 through a 2 rnm-mesh screen and at least one-half through 
a 0.15 miii-mdsh screen. With coarser materials application 
should be greater. 

fThe suggestions for muck soils are for those essentially free of 
sand and clay. For those containing much sand or clay the 
amounts should be reduced to values midway between those 
given for muck and the corresponding class of mineral soil. If 
the mineral soils are usually low in organic matter, the recom- 
misndations should be reduced by about 25 per cent and if un¬ 
usually high should be increased by about 25 per cent. 

IRed-yellow podsolic, red latosol, etc. 

§No recommendation given. 
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Appendix 11. Optimum pH range of crops 


Crop 


Optimum 
pH range 

Barley 


.. 6 . 5 - 8.0 

Sugar-beet 

« • 

.. 6 . 5 - 8.0 

Banana 

i * 

.. 6 , 0 - 7,5 

Coconut palm 

* ( 

.. 6 . 0 - 8,0 

Cotton 

» • 

,. 5 . 0 - 6.0 

Groundnut 

• « 

.. 5 , 3 - 6.6 

Maize 

1 » 

.. 5 . 5 - 7.5 

Rice 

• * 

,. 5 . 0 - 6.5 

Soybean 

t * 

,. 6 . 0 - 7.0 

Sugarcane 


.. 6 . 0 - 8.0 

Sunflower 


.. 6 , 0 - 7.5 

Tobacco 


.. 5 . 5 - 7.5 

Wheat 

•• 

.. 5 , 5 - 7.5 
















HANDHOOK ok manures and FERTIL1ZEIU5 


Ai'I'ENOIX 12, CONVERiSlON OK PURE NUTRIENTS TO QUANTITY 
OF FERTILIZERS 


Percen- 

lagfiof 

rnitrient 


Quantity of fertilizer required (kg) 
Rate of application of pure nutrient (kg) 


fertilizer 10 20 30 


1 

1,000 

2,000 

3,000 

') 

,500 

1,000 

1,.500 

it 

33.5 

670 

1,000 

4 

250 

500 

750 

f) 

200 

400 

600 

6 

IB,5 

330 

500 

7 

14.5 

290 

430 

B 

125 

2,50 

375 

9 

110 

220 

330 

in 

lOO 

200 

300 

11 

1)0 

180 

270 

12 

B5 

170 

250 

13 

75 

150 

230 

M- 

70 

140 

218 

15 

65 

130 

208 

If) 

65 

130 

190 

17 

fiO 

120 

180 

IB 

,55 

111) 

170 

19 

55 

no 

160 

20 

50 

lOO 

150 

21 

50 

100 

140 

')') 

45 

90 

140 

23 

45 

90 

130 

24 

40 

84 

130 

2.5 

40 

80 

120 

26 

40 

80 

120 

27 

35 

75 

110 

28 

35 

70 

105 

29 

35 

70 

105 

ill) 

35 

65 

100 

31 

30 

65 

100 

32 

30 

65 

95 


40 , 

50 

60 

70 

-i 

4,000 

5,000 

6,000 

, 7,000 

2,000 

2,500 

3,000 

^ 3,500 

1,330 

1,670 

2,000 

2,330 

1,000 

1,250 

1,500 

1,750 

800 

1,000 

1,200 

1,600 

670 

830 

1,000 

1,270 

570 

710 

860 

1,000 

500 

625 

750 

875 

440 

560 

670 

780 

400 

500 

600 

700 

360 

450 

540 

630 

330 

420 

500 

580 

310 

390 

460 

540 

180 

360 

430 

500 

270 

340 

400 

470 

250 

310 

380 

440 

240 

290 

350 

410 

220 

280 

330 

390 

210 

260 

320 

370 

200 

250 

300 

350 

190 

240 

290 

330 

180 

230 

270 

320 

180 

220 

260 

310 

170 

210 

250 

290 

160 

200 

240 

280 

160 

200 

230 

270 

150 

185 

220 

260 

145 

180 

215 

250 

140 

175 

210 

240 

135 

165 

200 

235 

130 

160 

195 

225 

125 

155 

190 

220 


350 


Appenidx 12. {Contd) 


Pcrcen- (Quantity of fertilizer required (kg) 

tage of —-- - ■ _ 

nutrient Rate of application of pure nutrient (kg) 

in 


fertilizer 

10 

20 

30 

40 

50 

60 

70 

33 

30 

60 

90 

120 

150 

180 

210 

34 

30 

60 

85 

120 

150 

175 

205' 

35 

30 

55 

85 

115 

145 

170 

200 

36 

30 

55 

85 

no 

140 

165 

195 

37 

25 

55 

80 

no 

135 

160 

190 

38 

25 

55 

80 

105 

130 

160 

185 

39 

25 

50 

75 

100 

130 

155 

180 

40 

25 

50 

75 

100 

125 

175 

175 

41 

25 

50 

75 

95 

120 

145 

170 

42 

25 

50 

70 

95 

120 

145 

170 

43 

25 

45 

70 

95 

120 

140 

165 

44 

25, 

45 

70 

90 

115 

135 

160 

45 

20 

45 

70 

90 

110 

130 

155' 

46 

20 

45 

65 

85 

no 

130 

150 

47 

20 

45 

65 

85 

no 

130 

150 

48 

20 

40 

60 

85 

105 

125 

145 

49 

20 

40 

60 

80 

100 

120 

145 

50 

20 

40 

60 

80 

100 

120 

140 

51 

20 

40 

60 

80 

100 

120 

140 

52 

20 

40 

60 

75 

95 

115 

135 

53 

20 

40 

55 

75 

95 

115 

130 

54 

20 

35 

55 

75 

95 

no 

130 

55 

20 

35 

55 

75 

90 

110 

125 

56 

20 

35 

55 

70 

90 

105 

125 

57 , 

20 

35 

55 

70 

90 

105 

125 

^ 58 

15 

35 

50 

70 

85 

105 

120 

59 

15 

35 

50 

70 

85 

100 

120 

60 

15 

35 

50 

65 

85 

100 

115 









IIAMWOOK Ol' MA>.rUi'.S AND FKUTII.I/.I.KS _ 

Ari'ENiiix 12. (C'ontd) 

' Qiiaiility of roquin'd fkg) 

nuLilt "f aiqiliration of imre luitiifnt fkg) 


in 

fcrlili/i'i' 

1(0 

f)0 

100 

200 

(iOQ 

400 

500 

1 

li null 

OJlOll 

10,000 

20.000 

30.000 

40,000 

50,000 


4 000 

■!.,4(10 

5,000 

1)1,(100 

15,001) 

20,000 

25,000 


''’li'/O 

:;,()()i') 

3,330 

0,670 

10,ODD 

13,320 

26,680 

.1. 

'Mino 

2^250 

2,.500 

.5,000 

7,5(10 

10,000 

12,500 

*1’ 

1 lillO 

l,fiOU 

2,000 

•4,000 

6,000 

8,000 

10,000 


12'30 

lAiOO 

1.670 

3.330 

5,000 

6,700 

8,300 

7 

id 40 

1,290 

1,430 

2,860 

4,300 

5,700 

7,100 

f! 

1,1)110 

1.125 

li250 

2,500 

3,750 

.5,000 

6,250 

<) 

UDO 

1,000 

1,110 

, 2,220 

3,330 

4,440 

5,550 

10 

HOII 

900 

1,000 

2,000 

3,000 

4,000 

5,000 

1 1 

7'0l 

filO 

*)()() 

1,800 

2,700 

3,600 

4,500 

v> 

(V/ll 

7.50 

030 

1,71)0 

2,500 

3,300 

4,200 

1 ■{ 

02(1 

(190 

770 

1,540 

'2,310 

3,100 

3,850 


07II 

(ill) 

710 

1,420 

2,130 

2,740 

3,550 


'i'KI 

liOO 

770 

1,340 

2,010 

2,080 

3,350 

1 J 

Hi 

.'jllll 

,500 

625 

1,250 

1,880 

2,500 

3,130 

17 

470 

,5!i0 

590 

1,180 

l,7(i0 

2,350 

2,940 

IH 

<110 

500 

560 

1,110 

1,670 

2,220 

2,780 

10 

■1211 

■170 

530 

1,050 

1,580 

2,100 

2,630 

■)() 

401) 

4.50 

500 

1.000 

1,500 

2,000 

2,500 


:ifio 

4:)o 

480 

950 

1,430 

1,900 

2,380 


lifiO 

410 

460 

910 

1,370 

1,820 

2,280 


ii.'io 

;i!)0 

4-4() 

870 

1,300 

1,740 

2,170 


O'lO 

■IBO 

420 

830 

1,250 

1,670 

2,080 

1 

oo 

:i2(i 

:i(]() 

400 

800 

1,200 

1,600 

2,000 

% 

'ilO 

:i5() 

380 

770 

1,160 

1,540 

1,930 

ni 

'100 

:i:i5 

370 

740 

1,110 

1,480 

1,850 

'jfj 

‘4)4 

325 

355 

715 

1,070 

1,430 

1,785 

'!() 

p7f) 

310 

345 

690 

1,035 

1,380 

1,725 

'in 


300 

335 

()(]5 

1,000 

1,335 

1,665 

01 


290 

325 

645 

970 

1,290 

1,615 

‘10 

'4*10 

2li0 

315 

625 

940 

1,250 

1,565 

:i3 

240 

275 

305 

605 

910 

1,210 

1,515 
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Appendix 12. {Condd) 


I Percen- Quantity of fertilizer required (kg) 

] . tageof -—---- 

I nutrient Rate of application of pure nutrient (kg) 

' in 


fertilizer 

80 

90 

100 

200 

300 

400 

500 

34 

235 

265 

295 

590 

880 

1,175 

1,479 

35 

230 

255 

285 

575 

860 

1,145 

1,430 

36 

220 

250 

280 

555 

835 

1,110 

1,390 

37 

215 

245 

270 

540 

810 

1,080 

1,350 

38 

210 

240 

260 

525 

790 

1,050 

1,315 

39 

205 

230 

255 

510 

770 

1,025 

1,280 

40 

200 

225 

250 

500 

750 

1,000 

1,250 

41 

195 

220 

245 

490 

730 

975 

1,220 

42 

190 

215 

240 

475 

715 

950 

1,190 

43 

185 

210 

235 

465 

700 

930 

1,165 

44 

180 

205 

225 

455 

680 

910 

1,135 

45 

180 

200 

220 

445 

665 

890 

1,110 

46 

175 

195 

215 

435 

650 

870 

1,085 

47 

170 

190 

215 

425 

640 

850 

1,065 

48 

165 

185 

205 

415 

625 

835 

1,040 

49 

165 

185 

205 

410 

610 

815 

1,020 

50 

160 

180 

200 

400 

600 

800 

1,000 

51 

160 

175 

195 

390 

590 

785 

980 

, 52 

155 

175 

190 

385 

570 

770 

960 

53 

150 

170 

190 

375 

565 

755 

945 

54 

150 

165 

185 

370 

555 

740 

925 

55 

145 

165 

180 

365 

545 

730 

910 

56 

145 

160 ' 

180 

355 

535 

715 

890 

57 

140 

160 

175 

350 

525 

700 

880 

58 

140 

155 

175 

345 

520 

69il 

860 

59 

135 

155 

170 

340 

510 

680 

850 

60 

135 

150 

165 

335 

500 

670 

835 


i 
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Appendix 13, (Conu!) 
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17 

18 

19 

20 

22 

24 

26 

28 

0 ft lii 









150 

39,4 

37.2 

:-!5,2 

33.5 

30.4 

27,9 

25.8 

23,9 

155 

40.7 

38.4 

36.4 

34,6 

31.5 

28.8 

26.6 

24.7 

160 

24.0 

39.7 

37.4 

35,7 

32.5 

29.8 

27.5 

25.5 

165 

43.3 

40,9 

38.8 

36,8 

,33.5 

.30.7 

28.3 

26.3 

170 

46.6 

42.2 

39.9 

37.9 

34.5 

31.6 

29.2 

27.1 

' 175 

46.0 

43.4 

41.1 

39.1 

35.5 

32.6 

30.0 

27.9 

180 

47,3 

44.6 

42.3 

40.2 

36,5 

33.5 

30.9 

28,7 

185 

48.6 

45,9 

43,5 

41.3 

37.5 

34.4 

31.8 

29.5 

190 

49.9 

47.1 

44.6 

42,4 

,38.5 

35,3 

32.6 

30.3 

195 

51.2 

48.4 

45.8 

43.5 

39,6 

,36.3 

33,5 

31.5 

200 

52.5 

49.6 

47.0 

44,6 

40.6 

37.2 

34.3 

31.9 

210 

,55.1 

52.1 

49.3 

46,9 

42.6 

39,1 

36.1 

33,5 

220 

57.8 

,54.6 

51.7 

49.1 

44.6 

40,9 

37.8 

35.1 

230 

60.4 

57.0 

54.0 

51.3 

46.7 

42.8 

39.5 

,36.7 

^ 240 

63.0 

59.5 

56.4 

53.6 

48.7 

44.6 

41.2 

38.3 

■ , 250 

65.7 

62,0 

58,4 

55.8 

50.7 

46.5 

42.9 

39.9 

1 260 

68.3 

64.5 

61.1 

58,0 

52.8 

48.4 

44,6 

41.5 

1 270 

70.9 

66,0 

63.4 

60,3 

54.8 

50,2 

'46.4 

43.0 

1 280 

73,5 

69,4 

65.8 

62,5 

56.8 

52.1 

48,1 

44.6 

1 290 

76,2 

71,9 

68.1 

64,7 

58.8 

53.9 

49.8 

46.2 

1 300 

78.8 

74,4 

70.5 

67,0 

60.9 

55.8 

51.5 

47.8 

325 

85.3 

80,6 

76.4 

72.5 

65.9 

60.5 

55.8 

51.8 

350 

91,9 

86.8 

82.2 

78,1 

71.0 

65.1 

60.1 

55.8 

375 

98.5 

93.0 

88.1 

83,7 

76.1 

69.8 

94.4 

59.8 

400 

105.0 

99.2 

93.9 

89.3 

81.3 

74,4 

68.7 

63.8 

? 425 

111.6 105,.4 

99.9 

94,9 

86.2 

79.1 

73.0 

67.8 

1 450 

118.2 111.6 105.7 100,4 

91.3 

83.7 

77.3 

71.7 

1 500 



177.5 111.6 101.5 

93.0 

85.9 

79.7 

550 


, , 


, , 

111.6 102.3 

94.4 

36.1 

600 


, , 

, , 

, , . 

, , 

111.6 103.0 

95.7 

650 


, , 





111.6 103.6 

f 700 



_ 

• ■ 

.. 

.. 

.. 

111.6 















Per cent nntrient 


IIANDIlflOlC or MAM-KI'S ANT) I'ERTtl.IZKIlS 


Api’endix li {Contd) 


170 

175 

IBO 

185 

190 

195 

200 

210 

220 

2;io 

240 

250 

260 

270 

2B0 

290 

500 

525 

:15(.) 

:i75 

■100 

425 

450 

500 

550 

tiOO 

1)50 

700 

750 

BOO 

B50 

900 

950 

1000 

:156 


30 32 :14 36 38 40 


25.3 

23,7 

22.3 

26.0 

24.4 

23.0 

IKi.B 

25,1 

23.6 

27.5 

25.8 

24,3 

28.3 

26.5 

24.9 

29.0 

27.2 

25.6 

29. B 

27.9 

26,3 

31.3 

29.3 

27.6 

32.7 

30.7 

1 

28,9 

'ifi 

35.7 

• 1 
35,5 

31,5 

37.2 

34.6 

32,8 

38.7 

36,3 

34.1 

40.2 

37.7 

35.5 

41.7 

39.1 

36.8 

43,2 

40.5 

38.1 

44.6 

41.9 

39,4 

48.4 

45.3 

42,7 

52.1 

48.8 

46.0 

55.8 

52.3 

49.2 

.59.5 

55, B 

.52,5 

63.2 

59,3 

55,8 

67.0 

62.8 

59.1 

74.4 

69.8 

65.7 

81.B 

76.7 

72.2 

89.3 

83,7 

78,8 

96.7 

90.7 

8:5.3 

104.2 

97.7 

91.9 

111.6 

104.6 

98,5 

119.0 

111.6 

105.0 

126.5 

118.6 

111.6 


125.6 

118,2 


21.1 


22,3 

21.1 


22.9 

21.7 

. . 

23!6 

22.8 

21.2 

24,2 

22.5 

21.8 

24 !i 

23 ! 5 

22.3 

26,0 

24.7 

23.4 

27,3 

25.8 

24.6 

28.5 

27.0 

25.7 

29,8 

38,2 

26.8 

31.0 

29,4 

27.9 

32,2 

30,5 

29.0 


31,7 

30,1 

34.7 

32,9 

31.2 

36.0 

34.1 

32.4 

37.2 

35.2 

33.5 

40.3 

38,2 

36.3 

43,4 

41.1 

39.1 

46.5 

44.6 

41.9 

46.6 

46.9 

44.6 

52,7 

49.9 

47.4 

55,8 

52.9 

50,2 

62,0 

, 58.7 

. 55.8 

68.2 

64.6 

61.4 

74.4 

70.5 

67.0 

80.7 

76.4 

72.5 

86.8 

82.2 

78.1 

92.0 

88.1 

83.7 

99.2 

94.0 

89,3 

105.4 

99.9 

94.9 

111.6 

105.7 

100.4 

117.8 

111.6 

106 V 0 

124.0 

117.3 

111.6 
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Appendix 13. [Conoid) 



45 50 55 ' 60 65 70 


1- S t 

0 « 5 

170 







175 

, , 






180 


, 





183 


, 





190 

, , 

, 


,. 



195 

, ^ 






200 


, ^ 

.. 




210 

20.8 






220 

21.8 

, , 





230 

22.8 

20,5 


, . 


.. 

240 

23.8 

21.4 

, , 




250 

24.8 

22.3 

20,3 




260 

25.8 

23.2 

21.1 




270 

26.8 

24.1 

21.9 

20.1 



280 

27.8 

25.0 

22.7 

20.8 


. . 

290 

28.8 

25,9 

23.5 

21.6 

.. 


300 

29.8 

26.8 

24.3 

22.3 

20.6 


325 

32,2 ■ 

29.0 

26.4 

24.2 

22.3 

20.7 

350 

,34.7 

31.2 

28.4 

26.0 

24.0 

22.3 

375 

,37.2 

33.5 

30.4 

27.9 

25.8 

23.9 

400 

39.7 

35.7 

32.5 

29.8 

27.5 

25.5 

425 

42,2 . 

37.9 

34.5 

31.6 

29.2 

27.1 

450 

44.6 

40.1 

36.5 

33,5 

30.9 

28.7 

500 

49.6 

44,6 

40.6 

37.2 

34.3 

31.9 

550 

54.6 

49,1 

44.6 

40,9 

37.8 

35.1 

600 

59,5 

53.6 

48.7 

44.6 

41.2 

38.7 

650 

64.5 

58,0 

52.8 

48,4 

44.6 

41.5 

700 

69.4 

'62,5 

56.8 

52.1 

48.1 

44.6 

750 

74.4 

67.0 

60.9 

55.8 

54,8 

47.8 

800 

79,3 

71,4 

64.9 

59.5 

51.0 

51.0 

850 

84,3 

75.9 

69.0 

63.2 

58.4 

54.2 

900 

89,3 

80.4 

73.1 

67,0 

61.8 

57.4 

950 

94.2. 

84.8 

77.1 

70.7 

65.2 

60.6 

1000 

99,2 

89.3 

81.2 

74.4 

68.7 

63.8 , 



357 














Al'PiiiN'DICES 


lIANlillOOH 01’ MAN'I'llES AXl) I'l'.RTir.IZERS 


Appi;noix 

I'j, Plant n 

|•TUU■,^'TS 

IKMIIVKI) 1 

1 

iV important crops 



Removal 

jf plant iiulrients in 


(.h’OD 


per 0,45 1 

u 

Yield in j 

kg per 



N 

PA 

K„0 

hectare 

Faddy 

Grain 

26 

14 

8 

8 

2,000 

Straw 

2« 

75 

4,000 

Wheat 

Grain 

‘>9 

12 

7 

1,400 


Straw • 

13 

4 

35 

2,800 

Jowtir 

Grain 

Straw 

14 

12 

9 

7 

7 

65 

1,000 

3,000 

Bajra 

Grain 

15 

(i 

9 

1,800 i 


Straw 

14 

4 

81 

3,000 

Maize 

Grain 

32 

17 

10 

1,000 


•Straw 

39 

12 

58 

2,600 

Barley 

Grain 

Straw 

27 

18 

12 

6 

7 

36 

1.500 

2.500 

Collun 

Seeil 

Slalb 

411 

3,5 

If) 

10 

16 

38 

1.500 

2,800 

Groundnut Nuts 

45 

20 

8 

4 

63 

8 

30 

4,500 

4,500 , 

SugaiT'ane 


150 

3(10 

67,200 

f 

-- 1 



:t58 


i • 



Appendix 15; Himalayan forest soil (chaubatia, u,p.) 
COMPOSITION (oven-dry BASIS) 


Depth (in cm) 

0-5 

5-20 

20-43 

Below 43 

Coarse sand (%) .. 

2.83 

5.94 

2.28 

0.31 

Fine sand (%) .. 

22.09 

29,53 

28,-18 

20.98 

Silt (%) 

30.75 

33,15 

40.40 

40,75 

Clay (%) 

26.40 

22,40 

24,15 

30.75 

Exchangeable H ni.e, 

Trace 

0.525 

Trace 

Trace 

Moisture (%) *. 

3,86 

2,86 

304 

3.86 

Loss on ignition (%) 

13,89 

7,96 

3,53 

4.43 

Organic carbon (%] 

6.08 

2,73 

0.47 

0,86 

Organic N (%) .. 

0,44 

0.25 

0,07 

0.08 

C/N 

13,8 

10,8 

7,1 

11,2 

,pH .. 

5.9 

5,7 

5.9' 

6.2 

Insoluble matter (%) 

68,1 

75.6 

78.2 

75.0 

Fe„0,, (%) 

4,6 

4.2 

5.8 

6.2 

AlO, {%) 

8,76 

8,53 

7.88 

8.75 

RA (%) 

13.39 

12.79 

13,71 

14.96 

MgO (%) 

0,58 

0,66 

1,01 

0.86 

CaO {%) 

0,16 

0,08 

0.17 

0.46 


Appendix 16, Terai soil (matkota farm, u.p.) 
COMPOSITION (oven-dry BASIS) 


Depth (in cm) 
Coarse sand(%) 
Fine sand (%) 
Silt (%) 

Clay (%) 
pH 

Organic 
carbon (%0 
Total N 
C/N 

CaO [%) 

Base exchange 
capacity m.c, 


0-20 

20-40 

40-63,5 

63.5-97 

97-135 

135-180 

0.88 

0.86 

0.56 

1.44 

0.55 

0.31 

20.03 

21.14 

13.73 

14.01 

11.44 

18.90 

51,63 

54.10 

59.15 

56.70 

65.98 

57.75 

25,20 

23.90 

24.00 

26,70 

21.13 

21.50 

7,5 

6,8 

7.2 

7,0 

6,9 

7.1 

1.63 

1.02 

0.80 

0.78 

0,61 

. 0.52 

0.178 

0.091 

0.06 

0.083 

0.071 

0.056 

9.1 

11.3 

13.4 

9.4 

8.5 

9.2 

0,97 

1,20 

1.04 

1,02 

0.91 

0.84 

14.7.5 

12,18 

11,98 

11.73 

10.48 

9.22 
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Al't'KXDix 17. Ali-cvial son, (indooangetic)- 
COMI'OSITION (oven-dry BASIS) 


l).pth (ill cm) ; 0 -l(i 16-105l05-l65'l65-24d240-270 270-300 

'iVxmi'B I Clayey Clayey Clayey Clayey Clayey Clayey 

SiC) m I 68 .9 68.3 6.5.7 63.9 69.7 65.9 

* 'iVo 12.5 13.4 ' 13.S 11.3 12.0 

fI'o’ (% 9.5 10.0 10.3 10.3 S-O W-® 

■, A 19 2.5 1.9 1-8 

i'i'n r24 1.2.5 0.98 : 0.95 0.80 0.80 

in n'.if) 0.16 0.14 0.14 0.12 0.12 

? 0 70 0.68 0.52 0.51 0.40 0.45 

ly / /'I I ll’OG 0.08 0.08 0.09 0,08 0 12 

Nn Nil Nil i Nil Nil Nil 

GaCO;, (%) ™ n./. 0,32 0.23 0.21 

Organic G (M Jjgr, 0,05 0,041 0.03 

Nitrogen (Vc) . 7 0,4 . 6.3 5.7 6.8 

' 7'2B 7.12 6.85 1 6,86 6,46 ^'11, 

g,»,.«,(« !-:» W.8 IW ! »■“ « 


65.7 
13.4 
10.3 
1.9 
0.98: 
0.14 
0.52 
0.08 
Nil i 
0.351 
0.055 
6.4 ^ 
6.85 1 
10,6 I 
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Appendix 18. Gangetic alluvium (calcareous)- 
COMPO,SITION (oven-dry BASIS) 


Depth (in cm) 0-37 
Los,s On 

ignition (%) 1.78 

Insoluble 

material (%) 44,36 
Fe^Og {%) ., 2.60 

ALO, {%) .. 5.40 
PA (%) .. 0.13 
GaO (%) .. 23.80 

MgO (%) ., 0.88 

K,0 (%) .. 0.34 

C,“0 {%) .. 17.80 

Water-.soluble 
salts (%) .. 0.27 
Moisture equiva¬ 
lent {%) .. 32.8 

Water-holding 
capacity (%) 38.5 
pH .. 7.9 

Organic C {%) 0.68 
Organic N (%) 0,05 


37-67 67-82 82-112 112-142 142-180 
1.33 1.16 0,53 0.68 1.02 


36,05 47.51 
2,44 2.16 
5.80 3.00 
0.09 0.11 
27.30 24.22 
0.40 0,78 
0.42 0.29 
19,40 18.90 


46.36 44.63 41.75 


24.10 24.62 
0.60 1.82 
0,27 0.22 

17.10 19.00 


0.20 0.16 0.10 0.17 0,17 

32.8 24,0 23,5 30.6 31.0 

48.4 44.2 46.4 52.2 53.8 
7.8 7.8 7.8 7.8 7.8 

0.47 0.21 0.17 0.18 0.24 

0,04 0.04 0,03 0.03 0,03 


Exchangeable 

hdscs 

Total (ni,e,) 6.65 10.47 6.54 19.30 20.96 20.90 

Ga (m.e.) .. 5.35 9.85 6.10 18.44 20.40 19.82 

Mg (m,e,) .. 0.64 0.30 0.14 0.62 0.34 0.70 

Ka-f-K(m,e,) 0.66 0.32 0.30 0.24 0.22 0.33 

H (ra.e.) . 

Calcium 

saturation (%) 80 ,93 93 95 97 95 
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!!)• GAMJiiTic; allfvidm (oiiatami'URj u.f,)- 

riOMFOHlTION (OVEN-DRV )tASIS) 


Dupth (in an) 
Moihliu'i! 
i‘(|uiviil(;nt (%) 
Moistm-R-lioldiii!;! 
riiliacily(%) 
pll 

Total cx. basRH 
in.R, m • • 

ciildmii iii.c. 

per oCTit 
tTilcium satura¬ 
tion {%) ' • 

Moisturn (nir- 
(Iry 9b) 

IjOsh on 
ignition (9« 
IICI iiiKoinlili'S 

Si'.sqiiioxiilfi (%) 
CuO (%) •• 

Ml-O (%) •• 

K .,0 (9*) •• 

' CU. (%) •- 

F.;„ 0 ., (9b) •• 

aIO;j (9!j) •• 
Wato’r stilulib: 
(9i.) 

NtuCO;, (%) 
liiauimiiiitttH as 
NallGO,, (9z) 


0-:)f) Tl-fiU j (ib-bU 90 -120 120-1501150-180 

lfi.7j IB,57 .18.45 17.36 17.37 16.19 

146 60 .10 82 fi2.!)3 54.64 51.89 58.48 

I 6,6 6.6 6.7 6.7 6.6 6.8 

12.40 11.60 13.80 11.10! 13.40 11.60 


7.0 ( 1.8 9.2 9-2 i 8.8 

Hi,5 75.8 66.6 80.7 j 65,6 

1 .48 1.53 1.75 1.84 | 1-41 

l.Il 1.46 1.62 2.03 1.77 

85.92 82,90 79.76 
8,06 10.40 12.48 1’’'.67 1„./1 

0..5(i 0..56 0.75' 0.76 0.72 

8,4 1.37 1.27 

0,67 0.79 (1.96 0'J7 

Nil Nil Nil fW Ni 

n r.n H,;i2 5,28 9.68 5..36 

1)"')“. (1,35 (1,25 0.16 1 0.31 

5.73 6.95 7.93 7.04 

0.076 0.056 0.04’3 0-095 0.049 

Nil Nil Nil Nil Nil 

n n't.t l).ni.5 0(020 0.020 0.019 
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Appendix 19. (Concld) 


Chlorides as 
NaCl (%) .. 
Sulphates as 
Na,SO, {%) 
Organic 
carbon (%) 
Total 

nitrogen (%) 
Coarse 

sand (%) .. 
Fine sand' (%) 
Silt (%) .. 

Clay {%) .. 


0.013 0,020 0.012 0.008 0,008 0.009 

Nil Nil Nil Nil Nil Nil 

0.374 0,164 0.122 0.136 0.117 0.131 

0.060 0,046 0.031 0.043 0.046 0.031 

0.60 0,86 1.17 1.06 0.13 0.11 

46.62 44,70 39.11 37,18 44.18 51.55 

27.23 24.25 25,48 25,53 21.15 22.45 

21.60 28.25 31.95 35.17 28.57 23.80 


Appendix 20. Composition of regar or black soil (akola 

EXPERIMENTAL FARM, M.P.) 

(OVEN-DRV basis) 


Depth (in cm) 0-30 30-60 60-90 90-120 120-150150-180 

Clay (%) .. 56,7 56.6 56,3 54.3 30,4 46.6 

Silt (%) .. 17.3 19,6 19.7 19.7 23.6 27.7 

Fine sand (%) 13.1 12.6 11,7 17.0 19.2 19.8 

CoarsBsand(%) 2.1 1.9 1,0 0.9 0,6 0.9 

CaCOg (%) 9.5 11.0 10,5 10.5 13.5 7.5 

pH .. 7,9 8.0 8.1 8.1 8.1 8.2 

Organic C (%) 0.44 0.30 0.21 0.24 0,21 0.21 

Available PgOj 

(kg/0.45 ha) 3.6 2.4 | 1.8 1.8 0.9 1.3 

T.S.S. conduct. I ^ ^ 

ingat8"C .. 0,45 0.40 | 0,30 0.35 0.35 0.40 

N (%) .. 0,0574 0.0440! 0,0386 0.0260 0.0221 0.209 
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Appendix 21. Soil puorii.ii eudm alluvial .soil, salem 

(MADIlA.s) —COMPOSITION 

(oven-dry IIA.SLS) 


Dciilh (in cm) 
Moisture (%) 


Insolubli. .., 

Sohiblo (by dill.) (')'<)) 

pH , 

lAniii rtRiuiveraent (m 
CaO/lwctarc) 

Total N 

(Ti'anic carbon (vo) 
C/N , 

Organic, nwilcr 
(Ckll. 732) 

Toliil .P.XH, 

Total K,.0 {%) 
Available Pi)-; 
Availtiblf! K^O {%] 
CaO (%1 • ■ 

M«0 (Xl.) 

T.E.B. gin 

soil 

11,0., (X()) 

Sib„/RA •' 

Clav (%) ■ • 

Silt (%) y 
I'iiic .sand {'i’vH 
(loai'sc sand (%) 


0-10 ! 

12-25 i 

37-48 

48-70 I 

. (:i.95 i 

6.82 : 

8.00 

7.07 : 

. : 14.96 i 

15.25 1 

12.86 

14.57 ! 

. 55.48 ; 

54.34 ( 

33,71 

47.71 ■ i 

37.58 ! 

38.84 ! 

38,29 

45,22 ; 

..^ 6.6 i 

6 . 6 I 

6,6 

6.4 

' i 

.. 0.49 1 

2.05 1 

1,46 

0.00 

.. 0.36 

0.33 

0.25 

0.23 1 

5.15 

5.16 

'3.84 

3.45 

14.24 

1 

15.97 

15.24 

15.01 . 1 

1 

B.90 

8.93 

6,65 

5,97 

0.21 

0.18 

0.17 

0,18 

0.142 

0.071 

0,090 

0.15 

(1.0027 

0.0021 

0,0017 

0.0013 

.. i 0,0058 

0.00,50 

0.0012 

0.0008 

..1 0.714 

0.0535 

0.268 

0.0781 

0,569 

1 0.608 

0.475 

0,417 

‘ > i '>3.47 

; 17.80 

9.221 

2.268 ' 

.. ' 20.75 

1 21.71 

23.26 

29.04 

2.67 

! 2.50 

2.31 

1.64 

.. ! 20.0 

1 22.50 

25.75 

34.40 

.. ; 10.1 

1 11.80 

i 11.05 

13.15 

.. ^ 12.97 

i 12.13 

1 13.90 

11.39 

.. 1 34.58 

i 29,81 

1 29.18 

18,57 


Appendix 22. Laterite soil from angadipuram 

(KERALA) —COMPOSITION 
(oven-dry basis) 


Depth (in cm) 


0-30 

30-67 

67-165 

Below 1 

Moisture {%) 

• 

1.9 

2,3 

2.7 

2.9 

Goanse sand (%) 

* 

47,1 

43.7 

33.7 

39.7 

Fine sand (%) 

( 

21.0 

16.7 

18.7 

19.7 

Silt (%) 

« 

9.1 

11,9 

17,6 

12.8 

Clay {%) 

1 t 

18,9 

23.9 

26.6 

21.6 

pH 

* 

4.0 

4.2 

4.6 

4.8 

Base exch, cap. 

1 « 

5,0 

8.0 

7.4 

5.1 

Exchangeable cap. 


3.8 

3.0 

1.5 

3.9 

Exchangeable Mg 

« 1 

0.8 

0,8 

1.1 

0.9 

Exchangeable K 

* • 

3.1 

1.7 

1,4 

0.9 

Quartz (%) 

( • 

39,46 

37.71 

38.85 

22.65 

Soluble SiO, (%) 

1 < 

14.08 

15.88 

17.23 

20.81 

AlA W 

■ • 

15,.53 

13,06 

16.24 

17.87 

Fe,0„ (%) 

• 1 

20.32 

21.96 

15.28 

23.88 

MgO {%) 


0.52 

0,31 

0.52 

0.54 

CaO (%) 

* t 

0.21 

0.21 

0.22 

0.23 

K,0 (%) 

• » 

0.35 

0.44 

0.45 

0.25 

TiO, (%) 

( * 

1.25 

2.13 

2.13 

2.25 

P-A (%) 

• 1 

0.26 

0.36 

0.29 

0.54 

h'a (%) 


6.69 

7.80 

7.61 

9.27 

Si 0 a,/Al 203 

« 1 

1.55 

2,07 

1.82 

2.24 

Si0,./H,,0 

I » 

0.94 

0.61 

0.68 

0.68 

Available K 2 O 


Trace 

Trace 

Trace 

Trace 

Available P.,0,. 

M ^1 

* * 

Trace 

' 

■ 

Trace 

Trace 

Trace 
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Ai- 3 'iiND!X Red loam euom kasauagod (kerala)— 
COMPOSITION (oven-dry BASIS) 


Depth (in cm) 

0-30 

30-60 

60-90 

90-120 120-150 : 

150-180 

Total analysis 

0,042 

0.029 

0,031 

0,030 

0.025 

0,024 

\ /Oj • • 

252 

0.266 

0.280 

0.238 

0.238 

0,280 

\ J * * 

MgO {%) ■ ■ 
K 0 (%) •• 

0,078 

0.3424 

0.078 

0.3510 

0,108 

0.3764 

0,096 

0.3249 

0.078 

0,3552 

0,120 

0.3895 

PA •' 

0,0786 

0.0649 

0,0679 

0,0664 

0.0679 

0.0633 

Available 

K 0 (%) • • 

0,0032 

0.0043 

0.C1Q46 

0,0070 

0,0032 

0,0054 

IVfiV/ \ /i'J * 

PA (%) .. 

0.0027 

n.OGlO 

0.0011 

0,0010 

0,0009 

0.0009 

Exckangeahlo 

T 1? f* 

1.8 

1.6 

1.4 

1.4 

1.56 

1.6 

1 • ‘ 
riii 

! 1.3 

1,1 

1.3 

1.1 

1.2 

1,2 

Mechanical analysis 






Coarse 

sand('%) -■ 

75.34, 

74,59 

73,85 

71.51 

74,28 

73.72 

Fine 

Hand((/ft) 

Silt (%) . 

Clay (%) 

, 4.47 
. 2.0 
15,60 

4.27 

2,4 

16.55 

4.34 

2.05 

17.55 

4.45 

2.25 

18.55 

3.69 

3.70 
15,60 

3.89 

2.50 

17.50 


jiay ^7«j , . . .’ -. .. 

Appendix 24, ‘Kari’ soil (peaty soil) prom kuttanad area 
(kkhALA state, near THOTTAPALLY’- spillway)— 

COMPO,SmON (oven-dry basis) ■. 


Soil depth 10 cm 
pH 

Insoluble silica 
iSfilubki silica • • 

Soluliki scsquioxicles .. 

F(‘,A, .. .. ' 

AlOy 

Total PA. 

Available PnOr, 

CaO . 

MgO .. • • • 

K.d .. •• ■ 

Aviiilabb; KjO 

Organic inattcr 

N •• , .• 


5,3 Per cent 
79.4 
0,14 
0.45 
0,29 
0.16 

tr, »> 

Nil . « 

0.203 

0,250 , „ 

0,206 » 

0,012 

14,58 « 

0,199 j, 


■j 
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INDEX 


A 

Acid .soils, and their amend¬ 
ments, 253-58; treatment 
for, 254 

Acidic soils, 254 

Acidity, causes of, 253; cor¬ 
recting of, 254-58 

ADCO process, 87 

Aeration for micro-organisms, 
76 

Alfalfa, control of zinc defi¬ 
ciency and excess in, 166; 
molybdenum deficiency in, 
189 

Algae, blue-green, 242-51 

Algal inoculants, 240-52 

Alkali soils, amendments for, 
265-72 

Alkaline soils, saline and, 
44-46 

Alluvial .soils, 42-43 

Almond, control of zinc defi¬ 
ciency and excess in, 166 

Alsikc, molybdenum deficiency 
in, 189 

Aluminium sulphate, as soil 
amendment, 272 

Amide, fertilizers, 133-39 


Ammonia, anhydrous, 129-30; 
fertilizers of, 129-32 

Ammonia-nitrate fertilizers, 132 

Ammonium chloride, 131; cri¬ 
terion for selection of, 137; 
manufacture of, 131 

Ammonium nitrate, 132; cri¬ 
terion for selection of, 137; 
manufacture of, 132; suita¬ 
bility of, 136 

Ammonium phosphate, manu¬ 
facture of, 131 

Ammonium sulphate, 130-31; 
criterion for selection of, 
137; manufacture of, 130; 
suitability of, 135 

Ammonium sulphate-nitrate, 
132; criterion for selection 
of, 137; manufacture of, 132; 
suitability of, 135 

Anhydrous ammonia, 129-30; 
criterion for selection of, 137 

Apple, boron deficiency in, 
183; control of zinc excess 
and deficiency in, 166; cop¬ 
per deficiency in, 177; iron 
deficiency in, 180; manga¬ 
nese deficiency ■ in, 171; 
molybdenum deficiency in, 
190; zinc deficiency in, 164 
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INDEX 


Aiijilication of fiirtilizers, 195- 
210; nK'thods of application, 

. 1911-2Qf); of manures and 
fertilizers, 275-76; principles 
of (.■Hiciiiin utilization, 195- 
96; ^ spraying of fertilizer 
solutions, 209-10; time of 
ap])lit'fUion, 206-9 
Apricot, copper dclidency in, 
177 

Arhar, maiuiring of, 311 
Artificial farmyard manure, 

87- 90; rnaiiurial value of, 

88- 90; preparation of, 88 
Assam, green-manure crops of, 

.54; liming of soil in, 263 
Asotobacter, 14; inoculation 
with, 240 


B 

Bacteria, Bxing nitrogen, 14; 

isolation of, 225-26 
Bacterial, soil inoculanls, 
222-40 

Ikjra, manuring of, 305-6 
Banana, manuring of, 281-83 
Bund placement, of fertilizer, 
203-4 

Bangalore Method, for com- 
po,sting, 93-95 
Bangar soil, 42 

Barley, boron, deficiency^ in, 
18l; manganese deficiency 
in, 169; manuring of, 301- 
2j molybdenum deficiency 
in, 187; zinc deficiency in, 
164; zinc excess in, 166 


Basic slag, 255; manufacture 
of, 143-44; suitability of, 

121 

Bean, control of zinc defici- f 

ency and exce,ss in, 166; 
manganese deficiency in, 177; t 

molybdenum deficiency in, ' 

190 .i; 

Ber, manuring of, 285 

Berseem, nianurial require¬ 
ments of,,. 337 

Bhubiir, 43 

Bhate, 38 i 

Bhindi, manuring of, 288 

Bidi tobacco, 334-35 

Bihar, green-manure crops of, ; 

54; liming of soil in, 263 

Biological effects, of liming 
.soil, 260 

Biological fuel gas, and slurry, . I; 

103-104 } 

i. 

Bitter gourd, manuring of, 288 .' 

Black cotton soil, 40-42 

Black gram, manuring of, 310- 
11 

Blood, dried, 112 

Bloom algae, as manure, 250 

Blue pine, 43. j 

Blue-green algae, 242-51, 

Bone-meal, and bones, 109-11; u 

manufacture of, 141; suita¬ 
bility of, 144-45 i 

Bones, and bone-meal, ’109-11 ■; 


Boron, control of deficiency of, 
185-86; cultural practices, 
184; functions of, 23; as 
plant nutrient, 18; response 
to application of, 186-87; 
role in plant metabolism, 
160; soil conditions influ¬ 
encing availability of, 184; 
symptoms due to deficiency 
of, 30-31 

Brassica crops, iron deficiency 
in, 180 

Broad bean, boron deficiency 
in, 183; molybdenum defi¬ 
ciency in, 190 

Broadcasting, 199-200 


c 

Cabbage, boron deficiency in, 
181; copper deficiency in, 
176; manuring of, 286 

Calcium, function Of, 22; as 
plant nutrient, 17; symptoms 
due to deficiency of, 29 

Calcium cynamide, manufac¬ 
ture of, 133; suitability of, 
137 

Calcium hydroxide, 255 

Calcium metaphosphate, ma¬ 
nufacturing of, 143; suita¬ 
bility of, 145-46 

Galcium nitrate, manufacture 
of, 128-29; suitability of, 
134 

Calcium oxide, 255 

Caliche, 126 


Cdotropis giganiea, as green- 
leaf manure, 50 

Capping method, 266 

Carbon, function of, 19-20; as 
a plant nutrient, 12-13 

Carnallite, 17 

Carrots, copper deficiency in, 
176; molybdenum deficiency 
in, 189 

Castor, manuring of, 314-15 

Castor cake, as manure, 108 

Cauliflower, boron deficiency 
in, 181; manuring of, 286; 
molybdenum deficiency in, 
188 

Cereals, iron deficiency in, 
179; symptoms, of manga¬ 
nese deficiency in, 31 

Chalk, 256 

Char soil, 42 

Chemical, tests for soil ferti¬ 
lity, 211-12 

Cherry, control of zinc defici¬ 
ency and excess in, 166; iron 
deficiency in, 180; manga¬ 
nese deficiency in,^ 172 

Chewing tobacco, 332-33 

Chopan soil, 41 

Cigar tobacco, 332-33 

Citrus, boron deficiency in, 
181; control of zinc defici¬ 
ency and ex'ce.ss in, 166; 
copper deficiency in, 32, 
176; iron deficiency in, 180; 
manganese deficiency in, 28, 
172; manuring of, 278-81; 
molybdenum deficiency in. 
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1H9; ziiit: diilidwicy in, IW; 
zinc I'xmisH in, 166; syinp- 
toms of wilcimn deficiency 
in, 29; syniptoins of nitro- 
t'cri di'ficicncy iit, 27; synip- 
lotus of pliospiiorus deSci- 
ciicy ill, 27; .symptoms of 
jjotasdtim ddiciwicy in, 2« 

(.llassifiiiation, of ferlilizen* 
of nitrogenous fw'tt- 
lizets, 124-26; of phosplia- 
tic fertilKcrs, 139-40 


ChuultvHabor ammonia syn- 
tlMsis, 12940 


Climiite, effect on nwnufac- 
' turn of fuel gas of, 105; fw 
grenn manuring, 51; soils 
and, 34-46 


Cluster Itean, manuring of, 289 


Cniuilt, 161 

CdCf.nut calie, as mnnurc, 108 

Coffee, mungnnesit doficiency 
in, 171; zinc deficiency m, 
164 

C(nnpo.Ht, 190-95; of farm 
wastes. 90; mnnuna yalue 
of, 95; of nightscnl, 8-2.; 
preparation of, llo™24, 
town, ll)l'-103 

Composting, essuntials for, 
119-20 

Concord grape.s, molybdenum 

tielicicncy in, 190 

CoiKlilioners, fillers and, 151 

Conjiclo, 126 

C!«ngo*red agar medium, 226 

tkmtour fanning, 251 
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Copper, 17,5-79;^ control mea¬ 
sures for deficiency in, 178; 
functions of, 23; as plant 
nutrient, 19; .soil cmididon 
and avaiiability of, 177; 
.symptoms due to deficiency 
oi, ;n 

Copper sidiihate, application 
of, 178-79 

Corchoms spp., .sen jute 

Com, phosiilionis deficiency 
symptoms in, 27; zinc defi¬ 
ciency in, 164 


126 

'loiton, boron deficimicy^ in, 
182; calcinin deficiency 

symptoms in, 29; magne¬ 
sium deficiency symptoms 

in, 28; manganese deficiency 

symptoms in, 31, 171; ma¬ 
nuring of. 317-20; nitrogen 
deficiency symi'iioms in, 4/; 
phosphorus deficiency symp¬ 
toms in, 27; response to 
green manure, 56, J7; sui- 
obur deficiency in, 22; zme 
lleficiency in, 164 
Cowpea, mamirinl requirements 
of, 336 

Crop(s), effort of Hme on, 
263-65; manuring of, 4/D- 
339; role of plant nutrients 
in, 11-33 

Croo growth, function of nu- 
■ trients in, 19-24; nutrient 
supply and, 24-26 

CrotaMa spp., as 
manure crop, 48, on 


Cucumbers, manganese defi¬ 
ciency in, 171 

Cucurbits, molybdenum defi¬ 
ciency in, 189 

Culture, of bacteria, 225-36; 
of soil, 227 

CymnopsL'! telraionoloha, as 
green-manure crop, ,10, 58 


D 

Dahar soil, 46 

Decomposition of farmyard 
manure, 73-80; of green 
manure, 52 

Deep cultivation method, 239 

Deficiency symptoms, 26-32 

Desert soil, 44 

Dhainchu, a.s green-manure 
crop, 48-49, 58; nitrogen 
added by, 59 

Diamraonimn phosphate, 16, 
126; criterion for selection 
of, 139; manufacture of, 
144; suitability of, 136-37, 
146^ 

Dicalciuni phosphate, manu¬ 
facture of, 144; suitability 
of, 146 

Dislribution and marketing of 
fertilizer, 156-59 

Doliclios bifiofus, see horse 
gram 

Dorsa .soil, 38 

Drill placement, 201-203 

Dubba soil, 69 

Dwarf French Bean, molyb¬ 
denum .deficiency in, 190 


E 

Egg-plant, copper deficiency in, 
175 

Electrolytic proce,sH, for manu¬ 
facturing triple phosphate, 
143 

Elephant grass, manuring of, 
338 

Erosion, of soil, 198 

Excreta, human, 114; liquid, 
70-71; .solid, 69-70 


F 

Faeces, human, 114 

Farmyard manure, 15, 68-90; 
artificial, 87-90; composi¬ 
tion of, 68-73; decomposi¬ 
tion of, 73-80; method of 
preparation of, 83-85; 
micro-org8nism.s in, 73-79; 
synthetic, 87-90; use and 
effect of, 85-87 ; value and 
functions of, 80-83 
Ferrous sulphate, 149 
Fertility, assessment of, 211-17; 

of soil. 211-12 
Fertility maps, 217 
Fertilizer(s), amide, 13.3-39; 
ammonia, 129-32; ammonia 
nitrate, 132; application of, 
195-210, 275-76; charac- 
teristics of, 123-24; classi¬ 
fication of, 123, 124-26, 
139-41, 146-47; distribu¬ 
tion of, 156-59; grades and 
ratios of, 124; marketing of, 
156-59; materials of, 124; 
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iriiJitttics of, 150.55; nitro¬ 

gen, !24 lift; pliosplwticj 
potiisKic, 146-49; 

(|mtlity (.‘ontrol of, 155.56; 

linns of applie.ation of, 196; 
valiialioti of, 150 

I'lnlitiitci' iiiiKtiircs, 150.55 

Ffsi'lilizer.s, 125 59; ferlilizer 
jiiixlurtsw, 15(1 55; gentinii, 
150 51; innrktsiiiig and dis- 
ivilnitiofi, 156 r)!!; I'litroKeii 
fisrtili'/ero, 124 llO; other 
I'ertiliziiiji riiatfdiilK, 149-50; 
idiospluuii’. feililizeiK, 159'46; 
(jiiiility ('oMlt'ol, 155 56; vu- 
luiilioii (jf fertili'/ers, 159 

Field erops, uuimirini? of, 

2119 ■:i2i 

Fillers and (•(JiKlilioiiei's, 151 

Flfdi niaiiiire, 111 

Flax, linron delieictif'.yjn, lf!!i; 
copper deiiciemsy in, 176; 
jiiHitHaiiesii tierudisiuy ^ in, 
171; inolylKlenum ilelidene.y 
in, 1119; ziin; didieieriey in, 
164 

Flowering idanls, manganem' 
tieliidene.y in, 171 

I'lne-cured lobiieetr, 531-32 

Foddisra and gi’fisses, nianuring 
of. :«5.339 

Food .supply, for tniero-orga- 
nisins, 75 

FnreHl, and hill soil.R, 43-44 

F'niii trees, dwddtious, 28 

Fruils, manuring of, 275 116 
Fuel gus, I04' -l()li 


(7 

Clarden Innin, zinc deficipney 
in, 161- 

(lardtsn pen, zinc deficiency 
ill, 164 

Garlic, immuring of, 287 
(la,s, fuel, l(M-10(i 

Ctlhlmlhi vwcukUi, as green- 
leaf niannre, 50; as green- 
iimnure croi), 50 
Gooseberries, manganeHe deli- 
dciiey in, 172 
(limyIlium spp,, .see cotton 
Grain snrghunis, iron defici- 
('iciiey in, 179 
Gram, irnmurlng of, 309 , 

Gruiie, diFideiicy in, 182; con¬ 
trol of zinc defi(dency and 
pxee.SH in, 166; riiolyhdemini 
delieieiicy in, 190 
Grass, nianganese. deficiency in, 
17(1; nianviriug of, 335-39 

Grceii-Ieaf riKimiring, 50-51 

Greeii-niamire crops, in Assam, 
54; in Bihar. 54; decompo¬ 
sition of, 52; of different 
regioii.s, 54; in Kashmir, 54; 
in Madhya Pradesh, 54; in 
Maharashlrii, 54; in rota¬ 
tion willi other crops, 66- 
67; sowing time for, 52; 
turning-in of, 52; in Uttar 
l>nule.sh, 54; in West Bengal, 
54 

Greon gram, manuring of, 311 

Green manuring, 50-51; com¬ 
ponents of, 58; response of 


< 

<;ro|)s, 54; .soil slruclure, 
effect of, 6(1-66; for sugar- 
caiic, 322-24; tediniqiies 
of, 51-54 

1 

{ Grey speck disease in lolwcco, 

I 31 

Groundnut, nuiiiuriiig ol, 
312-14 

Groundnut cuke, as immurc, 

I 108 

I Guano, 111-12 

j Gmr, as gi'cen-inamii'e crop, 

1 50; niamu'lal naiuircnicnts 

J of, 337 

I Guava, nianuring of, 284 

I Gypsum, deposit of, 17; as 

I , fcrtilizer, 149; requirements 

i of .soils, 273-74; as soil 

! arnendnient, 265-71 

I 

j 

( 

1 H 

I Hidden defideindes, 162 

j Hill soils, 43-44 

Flolfer’s alkaline iiiedinin, 226 
Floof- and hom-nieiil, 112 

FIor.se gram, a.s graen-maniiro 
crop, 50 

Horlkmltiiral crops, niatmring 
of, 275-89 

Hukh tobacco, 333-34 
I Husks and hulls, us maniire, 

::j ■ . 

. i . Flydea’atod lime, 255 

I Flydrogmi, as plant nutrient, 

} 136, function of, 20 


I 

Indigo, as' greoiHinmuro crop, 
50 

huli^ofiira tcysmanni a.s green- 
leaf mainiring, 51 

Imliiro Method, for compost¬ 
ing, 90-93, iuuciiluntH of 
soil. 222- 52 

Inoculation, willi lilmihium, 
222-24 

Ipomoirn mni'ii, as grecn-lcaf 
niiinure, 51 

Iron, 179-81; correcting de¬ 
ficiency in, 180; function 
of, 23; inlliinnco of .soil con¬ 
ditions on, 180; in plant 
metabolisiii, 160; as plant 
nutrient, 18; symptoms due 
to deficiency of, 31 

Iron .sulphate, as .soil amend- 
nicnl, 272 


J 

Jiiimir. nuiniirinB of, 31)4-5 
Jualami regia, walnut 
Jute, manuring of, 320-21 

K 

Kainite, 17 

Kukri, nmnuring of, 288 
Kallar, 44 
Kanluir .soil, 38 
Kankar, 41 
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Kamnj cakfi, as iiiiimire, 108 
Kari soil, 45 

Kaslimir, gnifiii-immurc H'ops 
of, 54 

Kmi, 298 
Khadar, 42 

/C/iccra, mamii'iiiK of, 288 
Khmri, manuring of, 310 

Ktdihi, as a gwi'n-umnure crop, 
50 


L 

Lady’fi finger, manuring of, 288 

Liitcritc, mid laioriiic, soils, 39- 
40 

Latrines, construction and uses 
of, 115-18 

Law of IJiminiithirig Returns, 
290 

Law of the Miiiitmun. 290 

Law of Rtisiiludoii, 2fl9 

la'gunift Imctcriiu isolaiimi of 
pure cnltni'i! of, 225-26 

laigiiraos, symptoms due to tie- 
fici(;ncy_ of iioron, iron, 
niagnesiiim, manganese, irio* 
lybdcmtm and sulphur in, 
28-32 

Lfiguminona plants, 14, 335; 
nitrogen fixed by, 14-15 

Lime, 258 

Limestone, 254-55; fiimness'of, 
258-59 


Liming matcrialB, of by-pro¬ 
ducts, 256 

Linseed, copper cleficioncy in, 
176; raamiring of, 315-16 

Linum untaikumum, see IIbx 

Liciuid excreta, in farmyard 
manure, 70-71 

Litchi, manuring of, 284-85 

Litmus 'milk, 226 

Litter, 71-73 

Localized placement, of ferli- 

' lizer, 200-201 

Long melon, manuring of, 288 

Lmiuat, manuring of, 285 

Lucerne, 15; boron deficiency 
in, 176; manurial require¬ 
ments of, 338; molybdenum 
deficiency in, 189 

Lycopersicon escuUmtum, see 
tomato 


M 

Madhya Pradesh, gremi-mamire 

cro|)8 of, 54 

Magnesiurn, 16*1; function, of, 
22; as plant nutrient, _ 17; 
symptoms due to deficiency 
of, 28 

Magnesium sulpluite, 149 

Maharashtra, green-manure 
crops of, 54 

Mahm cake, as manure, 108 

Maize, boron deficiency in, 
182; copper deficiency in, 
175; manganese deficiency 


in, 170; raanuring_ of, 302; 
molybdenum deficiency in, 
187; symptoms due to defi¬ 
ciency of calcium, magne¬ 
sium, potassium and zinc, 
28-31 

Maks sylvestrk, see apple 

Manganese, availability ^ of, 
172; correction of deficiency 
and excess in, 173; func¬ 
tion of, 23; as micro-nutri¬ 
ent, 169-74; in, plant meta¬ 
bolism, 160-61; as plant 
nutrient, 18; response to, 
173; symptoms due to defi¬ 
ciency of, 31 
Manganese sulphate, 150 
Mango, manuring of, 276-78 
Manufacture of nitrogenous 
fertilizers, 126-29; of phos- 
phatio, fertilizers, 139-46; of 
potassic fertilizers, 146-49 

Manure(s) (see also farmyard 
manure), application of, 
275-76; bloom algae as, 
250; fish, 111; green, 47-67; 
other organic, 68-122; sea¬ 
weed as, 251-52 
Manurial value, of artificial 
farmyard manure, 90; of 
compost, 94-95 

Manuring of crops, 275-339; 
arhar, 311; bajra, 305-6; 
barley, 301-2; black gram, 
310-11; castor, 314-15; 
cotton, 317-20; field crops, 
289-321; fodders and grass¬ 
es, 335-39; fruits, 276-86; 
gram, 309; green gram, 
311; groundnut, 312-14; 


horticultural crops, 275-89; 
jowar, 304-5; jute, 320-21; 
kkesari, 310; linseed, 315- 
16; maize, 302-4; mustard, 
316-17; paddy, 290-96; 
peas, 310; potato, 325-30; 
pulses, 307-12; ragi, 306-7; 
rape and mustard, 316-17; 
sesamum, 315; sugarcane, 
322-24; tobacco, 330-35; 
vegetable crops, 286-89; 
wheat, 296-301 

Marketing and distribution of 
fertilizers, 156-59 

Marshy soils, peaty and, 46 

Matasi soil, 38 

Medicago satka, sec alfalfa 
and lucerne 

Metabolism, role of micro- 
nutrients in, 160-62 

Methra, manurial requirement* 

of, 338 

Micro-elements, effects of, 162- 
94 

Micronutrients, 160-94; boron, 
181-87; copper, 175-79; 
effects of micro-elements, 

162- 94; iron, 179-81; man¬ 
ganese, 169-74; molybde¬ 
num, 187-94; role in plant 
metabolism, 160-62; zinc, 

163- 69 

Micro-organisms, in farmyard 
manure, 73-79; growth re¬ 
quirements of, 73-79 

Milk tests, 226 

Moisture, of micro-organisms, 
76; in soil, 197-98 
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Molybdenum, function of, 24; 
mcaBurcs for correcting de¬ 
ficiency in, 192; as micro- 
mitrient, 187-94; as plant 
mitricnt, 19; response to ap¬ 
plication of, 192; soil con¬ 
ditions related to availability 
of, 190-91; symptoms due 
10 deficiency of, 32 

Monfiannnonium phosphate, 
12fi; criterion for selection 
of, 139; manufacture of, 
144; suitability of, 136-37; 
146 

Mum, 15; as green-manure 
crop, 49 

Munum, 40 

Muak-melon, manuring of, 288 

Mustard, manuring of, 316-17 


W 

Napier grass, inanurial require¬ 
ments of, 330 
N«m cake, as manure, 108 
J^icotiana spp„ sec tobacco 
Night-soil, 96-103. 114-18; 
compost of, 118-22; and 
urine, 114-18 

Nitrogen, addition by legumes, 
59; bliifi-grcen algae fixing, 
242-51; function of, 20-21; 
organisms fixing, 14; symp¬ 
toms due to deficiency of, 27 

Nitrogen fertilizers, 124-39 
Nitrogen fixation, by blue-green 
algae, 242-51 
390 


Nitrogen, function of, 20-21; 
as plant nutrient, 14-16; 
Hymptoms due to deficiency 
of, 27 

Nitrogenous fertilizers, effect 
on paddy of, 292-96; effect 
on wheat of, 296 

Nutrient supply, and plant 
growth, 24-26 

Nutrients, 11-33; crop growth 
and supply of, 24-26; defi¬ 
ciency symptoms, 26-32; 
function of, 19-24; inter¬ 
action of, 25-26; major, 
12-17; minor, 12, 18, 19 


0 

Onles, manganese deficiency 
in, 169; manurial require¬ 
ments of, 338; molybdenum 
deficiency in, 187; zinc defi¬ 
ciency in, 164 

Oil palms, boron deficiency in, 
183 

Oilcake, as manure, 106-109 

Okn, manuring of, 288 

Onion, boron deficiency in, 
183; copper deficiency in, 
175; manganese deficiency 
in, 171; manuring of, 287 

Organic, manures (others), 
68-122; artificial or synthe¬ 
tic famiyard manure, 87-90; 
biological fuel gas and slur¬ 
ry, 104-106; bones and 
bone-meal, 109-11; compost, 
90-95; farmyard manure, 


68-90; fi^'b manure, 111; 
guono, 111-12; night-soil 
and sewage, 96-103; night- 
soil and urine, 114-18; oil¬ 
cakes, 106-109; other ma- 
nure.s, 112-14 

Orissa, green-rnanure crops of, 
54 ; liming of soil in, 263 

Oxygen, function of, 20; as 
plant nutrient, 13 




P 

Paddy, manuring of, 290-96 
PaiVfl, 308 

Papaya, manuring of, 283 
Para grass, manurial require¬ 
ments of, 339 
?arwa soil, 39 

Peach, boron deficiency in, 
183; control of zinc defici¬ 
ency and excess in, 166; 
copper deficiency in, 177; 
manganese deficiency in, 

172; zinc deficiency in, 164 
Peanuts, manganese deficiency 
in, 171 

Pears, boron deficiency in, 
183; control of zinc defici¬ 
ency and excess in, 166; 
copper deficiency in, 177; 
iron deficiency in, 180; man¬ 
ganese deficiency in, 172 
Peas, boron deficiency in, 182; 
copper deficiency in, 176; 
manganese deficiency in, 

171; manuring of, 287, 310; 
molybdenum deficiency in, 
190 


Peaty, and marshy soils, 46 

Pepper, copper deficiency in 
190 ’ 

Phasnobis spp„ 15; as green- 
manure crop. 49 
mungo, see black gram 
tTilohu.u as green-manure 
crop, 49 

Phosphatlc fertilizers, classifi. 
cation and importance of, 
139-46; manufacture of] 
141-44; suitability of, 144 I! 
46 

Phosphobacterin, inoculation 
with, 240 

Phosphorus, function of, 21; 
as plant nutrient, 16-17; 
symptoms due to deficiency 
of, 27 

Physiology, of blue-green algae, 
242 

Pillipesara, nitrogen fixed by, 
59 

Pineapple, manganese defici-, 
ency in, 172 , . 

Pisum sativum, see peas and 
garden pea 

Plant metabolism, role of mi¬ 
cronutrients in, 160-62 

Plough-sole placement, of fer¬ 
tilizer, 203 

Plums, boron deficiency in, 
183; copper deficiency in, 
177; iron deficiency in, 180; 
manganese deficiency in, 172 

Pongamk glabra, as green-leaf 
manure, 50 

Pora, 298 
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Pot-herbs, manuring of, 207 Q 


Potash, as plant nutrient, 16 

Potassic fertilizers, 146-49 

Potassium, function of, 21-22; 
symptoms due to deficiency 
of. 28 

Potassium chloride, manufac¬ 
turing of, 147; suitability of, 
148 

Potassium sulphate, manufac¬ 
ture of, 147; suitability of, 
148 

Potato, boron deficiency in, 
181; iron deficiency in, 180; 
manganese deficiency in, 
170; manuring of, 325-30; 
molybdenum deficiency in, 
188; symptoms due to defi¬ 
ciency of potassium, zinc, 
copper, phosphorus, magne¬ 
sium, calcium, manganese, 
26-32; zinc deficiency in, 
165 

Poudrette system of, disposal 
of night-soil, 96-98 

Poultry manure, 69 

Poverty adjustment, 24 

Pressmud, as liming material, 
257; as manure, 113; as 
soil amendment,' 271 

Prunus, copper deficiency in, 
177 

Pulses, manuring, of, 307-12 

Pumpkin, manuring of, 288 

Punjab, green-manure crops of, 
54; liming of soil in, 264 

Pusa Giant Napier, manurial 
requirements of, 339 
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Quick lime, 255 


R 

Radish, boron deficiency in, 
182; molybdenum deficiency 
in, 189 

Ra£i, manuring of, 306-7 
Rape, manuring of, 316-17 
Rapeseed cake, as manure, 108, 
109 

Raphanus sativus, see radish 

Raspberries, manganese defi¬ 
ciency in, 172 
Raw sewage, 98-99 
Reclamation, of soils, 272-73; 

of usar soils, 250-51 
Red soils, 37-39 
Regur, 40-41 
Reh, 44 

Rhizobium, efficiency of, 227; 

inoculation with, 222-24 
Rhodes grass, manurial re¬ 
quirements of, 339 
Rice, response to green-manur¬ 
ing, 54, 55; role of blue- 
green algae in fields, 245- 
49; see also paddy 
Rock phosphate, 16; manufac¬ 
ture of, 141; suitability of, 
145 

Role of plant nutrients in crop 
production, U-33; defici- 
ency symptoms, 26-32; 
function of nutrients m 


INDEX 


crop production, 19-24; 
nutrient supply and crop 
growth, 24-26; nutrients, 

. 11-19 

Roselle, molybdenum deficiency 
in, 189 

Rotation, green-manure crops 
for. 66-67 

Rubber, manganese deficiency 
in, 171; molybdenum defi¬ 
ciency in, 190 


S 

Saline, and alkaline soils, 44- 
46 

Saline-alkali soils, amendments 
in, 272-73; reclamation of, 
65 

Sarson cake, as manure, 108 

Savoy cabbage, molybdenum 
deficiency in, 189 

Saw-dust, 73 

Seaweed, as manure, 251-52 

Senji, manurial requirements^ 
of, 338; nitrogen fixed by, 
59 

Sesamum, manuring of, 315 

Sesbank spp., as pen-manure 
crop, 48-49; nitrogen fixed 
by, 49; aculeata, see S. bis- 
pinosa, as green-manure 
crop, 48, 58; as green-leaf 
manuring, 51 ; 


Sewage, and night-soil, 96-103; 
raw, 98-99 

Sewage effluent, 99-101 
Sewage sludge, 101 
Side-dressing, 199 

Silkworm wastes, wool and, 

112 

Slag, basic, 255; blastfurnace, 
256; furnace, 256; electric 
furnace, 256 
Slaked lime, 255 
Slaughter-house waste, 112 
Sludge, sewage, 101 

Slurry, biological fuel gas and, 
103-104 

Sodium chloride, 149 

Sodium nitrate, manufacture 
of, 126-28; suitability of, 
133-34 , , 

Soil(s), acidic, 253-54; agen¬ 
cies for. collecting samples 
of, ' 214-15; amendments 
for, 253-74; amendments 
for alkali, 265-72; analysis 
of, 215; assessment of -ferti¬ 
lity of, 211-21; beneficial 
effects of lime on, 259-60; 
collection of samples of, 
213-14; effects of liming on, 

. 259-60; exchange capacity 
of, 198; fertility of, 211-12; 

. gypsum requirements of, 
273-74; lime requirements 
of, 261-62; moisture in, 197; 
physical condition of, 260;, 
procedure for collecting 
samples of, 213; testing of, 
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212-16; tcHting Kystmi, 212- 
16; transport of samples of, 
21.6 

Soil anifiiidiiiciits, 25:3-74; iieicl 
soils and their aniendmcntSj 
253-58; amendments for 
alkali soils, 265-72; gypsum 
requirements of soils, 273- 
74; lime, 258-65; soil 
nmondmcnts in alkali-saline 
soils, 272-73 

Soil eonditions, iivfluencing 
availability of miero-elc- 
mcnte, 161-62 
Soil culture, 227 
Soil inoculants-baeterial and 
algal, 222-52; algal inoeu- 
Innts, 240-52; bacterial in- 
oculants, 222“40; bliie-grecn 
algae capable of iixirig ni- 
. irogftn, 242-51; culture, 
225-36; mags growing of 
micro-organisms, ' 236-411; 
.seaweed as manure,'251-52 

Soil fertility assessment by soil¬ 
tasting system, . 211-21; soil 
fertility, 211-12; soil tasting, 
212-16; soil testing kits, 
216-17 , 

Soil medium, 227 
Soil testing, 212-16 
Soil-testing kits, 216-17 
Soil-testing laboratories, me¬ 
thods used in, 215 
Soil-testing system, 212-16 
Soils and climate, 34-46 
Sowing time, for green ma¬ 
nures, 52 , 

Soybean, 15 

3^4 


Spinach, manganese deficiency 
in, 170; molybdenum defi¬ 
ciency in, 188 

Spot placement, of fertilizer, 
204-205 

Squash, zinc deficiency in, 165 

Strain variation, in blue-green 
algae, 242 

Strawberries, manganese defi¬ 
ciency in, 172 

Sugarcane, boron deficiency in, 
l82; manuring of, 322-24; 
response to green-rnanuring, 
55, 56 

Sugar-beet, zinc deficiency in, 
165 

Sulphur, as plant nutrient, 17; 
function of, 22; as soil 
amendments, 271; Hymploma 
due to deficiency of, 32 

Sulphuric acid, 272 

Summer vegetables, manuring 
of, 288-89 

Superphosphate, distribution 
,of, 157; manufacture of, 
141-42; suitability of, 145 

Sweet-potato, manganese defi¬ 
ciency in, 170; boron defi¬ 
ciency in, 183 

Symptoms, ■ deficiency, 26-32 

Synthetic farmyard manure, 
87-90 


, T 

Tamil Nadu, liming of soil in, 
263 


INDEX 


Tannery refuse, 113 
Temperate fruits, 285 
Tephmia Candida, us green- 
leaf manure, 51; purpurea, 
as green-lenf manure, 50, 51 
Terai, 43 

Te,sting of soil, 212-16 
Tobacco, boron deficiency in, 
182; copper deficiency in, 
175; ‘grey speck disease’ in, 
31; manuring of, 33Q-.35; 
manganese deficiency in, 
170; molybdenum deficiency 
in, 188; .symptoms due to 
deficiencies of potassium, 
zinc, boron, manganese, iron, 
copper and .sulphur, 28-32; 
zinc deficiency in, 165 

Tomato, boron deficiency in, 
182; control of zinc defi¬ 
ciency and excess in, 166; 
copper deficiency in, 175; 
iron deficiency in, 179; 
inangane,se deficiency in, 170; 
molybdenum deficicnc.y in, 
187; zinc deficiency in, 165 

Top-dres.sing, 199 
Town compo.st, 101-103 
Toxicity, of micro-elements, 162 
Transport, of soil samples, 215 
Treatment, for acid .soils, 254 
Triponelk foenum-graecum, 56; 

■ see also methi 
Triple-superphosphate, manu¬ 
facture of, 142-43 
Tut, .see arhar 

Turning-in, of green-manure 
crop, 52 


U 

Unslaked lime, 255 

Urea, 133; criterion for .stdec- 
tiori of, 137; mamifactiire of, 
133; .suitability of, 1^7 

Urine, composition of, 70-71; 
and night-soil, 114-18 

User soils, 45; reclamation of, 
250-51 

Uttar Pradesh, green-rnunure 
crops of, 54 


, V • 

Vegetables, ])ho.spliorus defi¬ 
ciency symptoms in, 28; 
manuring of, 276, 286-^89 


W 

Wardha type latrine, 115-18 
Water-melon, manuring of, 288 
Water seal type latrine, 117-18 

West Bengal, green-manure 
crops of, 54; liming of soil 
in, 265 

Wet process, 142 
Wheat, boron deficiency in, 
182; copper deficiency in, 
175; mangnne.se deficiency 
in, 169; manuring of, 296- 
301; molybdenum deficiency 
in, 187; response to green- 
manuring, 5,3, 54 
Winter vegetables, manuring of, 
286-88 
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Wdocl-nsh, 257 
Wafid-s!i!tviij)i'H, 7’i 

Wool, imd Hilkwcirm wastes, 

112 

Y 

Vf‘aH|.('xti'iict congoi’i'd iiuidl- 
iiiii, 221) 

Yiidd of ci'ojJK, (dfoct of liino 
oil, 2fi3 


Z 

Zinc, lfi!i.di!|; t'Ollfli;l of (Mi. 
deiiry and in, l(j5 . 
Ill; di‘f»:iciii'j’ of, i-h- 
mn of, Kifi; fmiciiou {,f, 
2.'{; in plan! nirtttlwIiKitt, 
Kid fit; ti«i plant Miilrii’nt, 
Ifl; i(!,sp(ms« Id applnaliori 
of, l(i7"()fl; !,yinp!iini.i (Itic 
to dclicli’iicy ((f, '1(1 
Zinc .siilphaic, !5(| 
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